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ECONOMIC  COMBUSTION  OF  WASTE  OR  BY-PRODUCT 

FUELS. 


By  Daatd  Moffat  Myers. 


INTRODTJCTION. 

Since  its  establishment  the  Bureau  of  Mines  has  conducted 
investigations  relating  to  efRciency  in  the  utilization  of  fuels,  includ- 
ing the  utilization  of  fuels  of  such  low  grade  that  they  are  in  many 
places  classed  as  waste.  Because  of  the  decreasing  supply  and 
increasing  cost  of  high-grade  fuels,  the  efficient  utiUzation  of  those 
that  arc  low  grade  is  becoming  a  problem  of  major  importance  to 
many  industries  and  to  the  commercial  progress  of  the  Nation. 
The  data  in  this  paper,  consequently,  are  published  as  a  contribution 
to  the  literature  on  the  conservation  of  national  resources. 
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CLASSIFICATION  OF  WASTE  FUELS. 

The  term  "  waste  fuel"  as  used  in  this  paper  means  any  combustible 
material  that  is  not  ordinarily  included  in  the  list  of  commercially 
marketable  fuels. 

Among  the  marketable  fuels  are  bituminous  and  anthracite  coals 
of  various  grades  and  compositions;  crude  oil,  fuel  oil,  and  the  petro- 
leum distillates,  such  as  kerosene,  gasoline,  and  naphtha;  the  alco- 
hols, grain  (ethyl),  and  wood  (methyl);  some  kinds  and  forms  of 
wood;  charcoal  and  coke;  certain  gases,  such  as  natural  gas,  water 
gas,  coal  gas,  and  producer  gas;  also  peat  and  lignites. 

As  waste  fuels  are  classified  the  following:  ^Sawdust,  shavings, 
scraps,  edgings,  tanbark,  wood-extract  chips,  paper-mill  refuse, 
bagasse  or  spent  sugar  cane,  and  city  refuse.  It  will  be  noticed  that 
these  waste  fuels,  except  city  refuse,  are  all  by-products  of  manu- 
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2  ECONOMIC   COMBUSTION   OF  WASTE   FUELS. 

facturing  industries;  and  city  refuse  is  really  a  by-product  of  the 
various  domestic  industries  inseparable  from  community  living. 
Hence,  waste  fuels  may  be  broadly  defined  as  combustible  material 
resulting  as  a  by-product  of  manufacture. 

There  are  two  distinct  classes  of  waste  fuels — ''autocombustibles/' 
which  maintain  their  own  combustion  after  ignition,  and  com- 
bustibles which  will  not  burn  without  the  addition  of  heat  from  an 
outside  source  or  without  mixture  with  an  autocombustible.  This 
second  class  may  be  termed  for  convenience  "semicombustibles." 
With  the  improvement  of  furnaces  for  handling  waste  fuels,  certain 
materials  that  were  previously  considered  as  semicombustible  have 
joined  the  list  of  autocombustible  fuels. 

Semicombustible  fuels  resist  seK-ignition  mainly  because  they 
contain  excessive  moisture,  ash,  and  refuse,  and  have  a  physical 
structure  that  tends  either  to  resist  the  passage  of  the  draft  or  to 
form  large  openings  in  the  fuel  bed  that  admit  much  more  air  than 
is  required  for  combustion;  too  little  or  too  much  air  lowers  the 
furnace  temperature  and  the  conditions  that  make  for  efficiency. 

COMBUSTION. 

A  certain  amount  of  heat  must  be  given  back  to  a  substance  in 
order  to  maintain  its  combustion,  as  is  illustrated  by  removing 
suddenly  the  flame  from  a  candle,  either  by  a  quick  movement  of  air, 
such  as  a  puff  of  wind,  or  by  shutting  off  the  air  by  smothering. 
The  candle  ceases  to  burn.  It  had  been  absorbing  a  part  of  the  heat 
developed  in  the  flame.  As  soon  as  this  absorption  became  im- 
possible through  the  removal  of  the  flame,  combustion  ceased,  and 
to  start  it  again  enough  heat  has  to  be  applied  to  give  the  combustion 
temperature. 

As  a  practical  example,  it  is  necessary,  according  to  Stromeyer, 
to  raise  the  temperature  of  lump  coal  to  approximately  600°  F. 
before  ignition,  or  union  of  the  coal  substance  with  oxygen,  can  take 
place.  This  figure  multiplied  by  the  specific  heat  of  coal  gives  the 
number  of  heat  units  that  the  fire  must  give  to  each  pound  of  coal 
burned. 

If  what  may  be  called  the  gross  calorific  value  of  a  substance  is 
actually  less  than  the  heat  required  to  maintain  its  combustion,  such 
a  substance  manifestly  can  not  be  autocombustible,  and  even  when 
made  combustible  by  application  of  heat  from  an  outside  source,  it 
obviously  can  not  give  up  any  available  heat  for  useful  purposes 
because  the  amount  produced  is  less  than  that  actually  required  for 
maintaining  its  own  combustion. 

The  gasification  of  carbohydrates,  such  as  fuels  containing  carbon, 
hydrogen,  and  ox3'gen,  precedes  their  combustion.  In  gasification  a 
rather  comphcated  chemical  reaction  takes  place  which  either  devel- 
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ops  or  absorbs  heat.  If  the  former,  the  reaction  is  known  as  exo- 
thermic; if  the  hitter,  endothermic.  An  exothermic  reaction  tends 
automatically  to  promote  combustion,  and  the  endothermic  to  retard 
it.  But  as  either  condition  is  algebraically  included  in  the  calorific 
value  of  a  substance,  exothermic  and  endothermic  reactions  do  not 
require  separate  consideration  here. 

The  amount  of  heat  required  to  maintain  the  combustion  of  a 
substance  depends  on  various  factors.  The  first  stage  of  combustion 
is  gasification;  therefore  the  heat  required  to  gasify  a  substance  must 
be  supplied  in  order  to  maintain  combustion,  and  it  is  evident  that 
the  amount  so  required  will  depend  upon  the  resistance  to  be  over- 
come in  gasifying  the  substance.  Moisture  is  a  serious  detriment  to 
combustion,  because  it  must  be  gasified,  and  gasification  requires, 
in  addition  to  the  sensible  heat,  the  application  of  970  B.  t.  u.  for 
each  pound  of  moisture  that  must  be  removed;  this  heat  must  be 
obtained  from  the  total  heat  value  of  the  combustible. 

UTILIZATION  OF  SEMICOMBUSTIBLE  SUBSTANCES  AS  FUEL. 

Such  substances  as  have  been  designated  as  semicombustibles 
possess  intrinsically  a  greater  number  of  heat  units  than  are  theoreti- 
cally required  to  maintain  combustion.  This  class  of  combustibles, 
among  which  are  included  certain  kinds  of  refuse — for  example,  wet 
chestnut  chips — may  become  actually  autocombustible,  depending 
upon  the  efiiciency  of  the  surrounding  conditions,  such  as  hot  sur- 
faces, heated  air  supply,  large  combustion  space,  and  continuous 
feeding  of  the  fuel  and  removal  of  ash. 

Thus  some  of  these  waste  fuels  refuse  to  burn  in  most  furnaces 
unless  coal  or  other  outside  fuel  is  added;  yet  in  a  furnace  that  pro- 
vides nearly  perfect  conditions  for  combustion  these  same  substances 
will  burn  and  give  off  a  large  amount  of  available  heat.  As  an 
illustration,  wet  spent  chestnut  chips  until  recent  years  would  not 
burn  unless  they  were  supplied  with  additional  heat  from  a  separate 
source.  Still  another  instance  would  be  some  kinds  of  city  refuse, 
which  as  ordinarily  treated  will  not  burn  unless  supplied  with  heat 
from  a  separate  source.  By  the  scientiiic  design  of  furnaces  and  by 
careful  homogeneous  mixing  of  the  various  materials  of  this  refuse  it 
is  now  burned  without  additional  heat  and  at  an  efficiency  high 
enough  to  make  steam  which  can  be  used  to  operate  the  plant. 

Other  fuels  can  be  made  more  efl&cient  simply  by  reducing  the 
amount  of  moisture  they  contain  without  altering  the  design  of 
furnace  equipment.  Special  tests  of  moist  fuels  show  close  agree- 
ment between  theory  and  practice  in  this  respect.  The  more  nearly 
perfect  the  means  are  for  burning  the  substance  in  question  the  more 
nearly  will  semicombustibles  approach  the  state  of  autocombustion. 
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TANBARK  AND  WOOD  CHIPS. 

Perhaps  the  most  important  waste  fuel  in  the  United  States  has 
been  spent  tanbark.  A  rough  estimate  would  indicate  that  this 
material  generated  a  few  years  ago  an  amount  of  steam  that  would 
have  otherwise  required  the  yearly  consumption  of  about  2,000,000 
tons  of  high-grade  coal.  Yet  at  one  time  this  valuable  fuel  was  con- 
sidered a  mere  detriment  and  an  expense  to  the  leather  industry.  It 
was  disposed  of  by  dumping  it  into  rivers,  by  filling  in  waste  ground, 
and  by  making  roads  with  it,  often  necessitating  the  pajTnent  of 
large  sums  for  its  disposition.  Here  is  a  striking  illustration  of  how 
the  improvement  of  a  furnace  converted  a  substance  supposedly 
incombustible  into  a  valuable  waste  fuel  of  the  autocombustible 
class  and  of  how  an  enormous  waste  was  converted  into  an  equally 
great  saving. 

An  interesting  example  of  the  promotion  of  a  semicombustible 
fuel  to  the  list  of  autocombustibles  is  afforded  by  chestnut-wood 
extract  chips.  This  fuel  is  the  by-product  of  the  manufacture  of  a 
tanning  agent  largely  and  increasingly  used  in  the  leather  industry. 
Chestnut  wood  is  fed  to  chippers,  then  to  disintegrators  which 
reduce  it  to  particles  about  the  size  of  No.  2  buckwheat  coal.  After 
being  subjected  for  about  a  week  to  a  hot-water  treatment  which  ex- 
tracts most  of  the  available  tannins,  the  spent  chips  are  conveyed 
into  the  fireroom  for  burning.  They  contain  in  this  state  60  to  65 
per  cent  of  moisture,  and  a  dry  pound  shows  about  8,400  B.  t.  u.,  or 
about  1,100  B.  t.  u.  less  than  spent  tan,- which  contains  the  same 
percentage  of  moisture.  Ten  per  cent  of  this  moisture  can  be 
removed  by  means  of  special  presses. 

Ever  since  the  beginning  of  the  manufacture  of  chestnut  extract, 
the  resulting  chips  have  been  burned  only  by  mixing  them  with  coal, 
or  by  maintaining  a  separate  coal  fire  whose  flames  passed  over  the 
cliips  for  the  purpose  of  drying  and  igniting  them.  In  connection 
with  this  problem  the  author  designed  a  special  type  of  furnace 
suited  to  the  fuel.  This  furnace  burned  it  without  the  addition,  or 
mixture,  of  coal,  thus  effecting,  in  one  of  the  foremost  extract  plants, 
a  great  saving  of  coal  and  advancing  spent  chestnut-extract  chips  to 
the  ranks  of  autocombustibles. 

NEED  OF  EFFICIENCY  IN  UTILIZING  WASTE  FUELS. 

High  efficiency  in  the  utilization  of  by-product  or  waste  fuels  is 
just  as  important  in  establishments  where  such  material  furnishes 
only  a  part  of  the  fuel  supply  as  in  plants  that  operate  entirely  on 
commercial  fuels,  such  as  coal  or  gas.  A  highly  efficient  plant  may  be 
enabled  to  run  entirely  upon  its  by-product  fuel  material,  whereas 
another  plant  in  the  same  industry,  capable  of  the  same  output  but 
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with  inefficient  combustion  equipment,  may  require  additional  fuel 
to  the  extent  of  many  thousands  of  dollars  a  year.  Furthermore,  in  a 
plant  that  depends  partly  on  waste  fuel  supplemented  by  purchased 
fuel,  any  percentage  of  saving  that  results  from  the  improvement  of 
the  combustion  system  produces  an  actual  saving  in  the  purchased 
fuel  of  this  percentage  multiplied  by  the  fraction  that  represents  the 
ratio  of  the  total  heating  value  of  the  combined  fuel  to  the  heating 
value  of  the  purchased  fuel. 

For  example,  consider  a  plant  that  consiunes  the  equivalent  of  100 
tons  of  coal  a  day,  of  which  heating  value  the  purchased  fuel  consti- 
tutes one-third.  If  the  efficiency  of  the  furnace  equipment  is  so  im- 
proved as  to  produce  the  same  steam  or  power  for  10  per  cent  less 
fuel  (or  heat  units)  then,  as  the  consumption  of  waste  fuel  still 
remains  the  same,  the  entire  saving  of  fuel  is  effected  from  the  pur- 
chased supply.  In  this  plant,  therefore,  in  which  a  total  saving  of 
10  per  cent  has  been  made,  the  expense  of  purchased  fuel  has  been 
reduced  not  only  10  per  cent  but  (3-^1)  X  10  =  30  per  cent.  This 
simple  arithmetical  truth  is  little  if  at  all  recognized  by  owners  of 
plants  operating  on  mixed  fuels;  if  it  were  known  their  combustion 
problems  would  receive  far  more  attention. 

PRINCIPLES  INVOLVED  IN  INCREASING  THE  EFFICIENCY  OF 

COMBUSTION. 

With  waste  fuels,  as  %\'ith  other  fuels  burned  under  boilers,  efficiency 
depends  upon  three  conditions:  (1)  High  temperature,  (2)  correct 
amount  of  air  supply,  and  (3")  complete  mixture  of  this  air  with  the 
fuel  gases. 

The  great  dijfference  in  the  burning  of  waste  fuels  is  not  in  the 
requirements  or  combustion,  but  in  the  difficulty  of  meeting  these 
requirements. 

In  the  first  place,  the  temperature  of  combustion  depends  upon  two 
factors:  The  calorific  value  of  the  fuel  and  the  amount  of  heat 
absorbed  by  the  resulting  products  of  combustion. 

The  temperature  of  combustion  is  directly  proportional  to  the 
first  and  inversely  proportional  to  the  latter.  On  the  whole,  the 
calorific  value  of  waste  fuel  is  comparatively  low;  hence  the  first 
difficulty  is  in  obtaining  high  tempera'ture. 

MAINTENANCE  OF  HIGH  TEMPERATURE. 

A  larger  percentage  of  moisture  results  in  a  greater  weight  of 
products  of  combustion,  and  these  products  have  a  higher  specific 
heat  than  flue  gases,  and,  what  is  far  more  serious,  calculations  of 
the  heat  they  remove  involve  also  the, latent  heat  of  steam.  Thus 
again  moist  waste  fuel  presents  further  difficulty  in  securing  the  first 
94066°— 22 2 
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requirement  for  good  combustion.  In  connection  \\"ith  this  same 
requirement,  the  highest  constant  temperature  can  be  maintained 
only  when  the  fuel  is  introduced  at  the  rate  at  which  combustion  is 
taking  place.  With  coal  such  firing  is  both  possible  and  practicable, 
notably  with  certain  forms  of  automatic  stokers,  and  can  even  be 
approximated  with  skillful  hand  firing.  But  with  waste  fuels, 
special  study  and  often  skill  are  required,  on  account  of  the  great 
bulk  and  the  pecuhar  form  of  the  material  to  be  handled. 

PROPER    SUPPLY    OF    AIR. 

Again,  with  reference  to  the  second  requirement,  that  of  correct 
air  supply,  waste  fuel  requires  different  treatment  from  coal.  The 
weight  of  air  theoretically  required  to  oxidize  or  to  burn  completely 
a,  pound  of  fuel  depends  upon  the  chemical  composition  of  the  fuel. 
Thus  carbon  requires  oxygen  equal  to  two  and  two-third  times  its  own 
weight,  whereas  hydrogen  requires  eight  times  its  own  weight.  Beyond 
this  theoretical  air  supply,  an  excess  of  50  to  250  per  cent  must  be 
provided,  according  to  the  kind  of  fuel  and  the  design  of  the  furnace. 
The  furnace  design  should  be  such  as  to  provide  a  thorough  mixing 
of  the  air  with  the  fuel  gases  at  a  high  temperature,  in  order  to  reduce 
to  a  minimum  the  loss  due  to  the  great  excess  of  air  otherwise  re- 
quired. Still  another  difficulty  has  to  be  met  in  this  connection. 
Certain  waste  fuels  have  a  strong  tendency  to  form  blowholes,  due 
either  to  clinker  formation  or  to  the  fuel  particles  being  so  light  that 
they  are  blown  from  the  grates  and  carried  unburned  through  the 
flues  and  up  the  stack.  In  either  event,  blowholes  lower  efficiency 
by  admitting  excessive  amounts  of  cold  air  to  the  combustion  space 
and  thus  reducing  its  temperature  seriously.  The  opposite  trouble 
occurs  when  the  grates  are  too  heavily  loaded  with  a  moist  fuel 
which  packs  and  checks  the  flow  of  the  draft.  *  Special  construction 
and  skUl  are  required  to  overcome  these  difficulties,  for  the  occur- 
rence of  either  one  will  utterly  ruin  the  eflSciency  of  the  fire. 

MIXING    OF   AIR    AND    FUEL-BED    GASES. 

Another  set  of  difficulties  has  to  be  overcome  in  connection  -with 
the  third  requirement  of  combustion — that  is,  thorough  mixing  of 
the  air  supply  with  the  gases  distilled  from  the  fuel.  The  require- 
ment is  rendered  more  or  less  difficult  of  satisfaction  by  two  special 
factors,  depending  on  the  nature  of  the  fuel.  First,  the  high  per- 
centage of  volatile  gases  evolved  from  many  waste  fuels,  and,  second, 
the  moisture  content. 

The  tendency  of  the  volatile  matter  is  to  flow  quickly  from  the 
furnace,  to  become  chilled  below  its  ignition  temperature  by  contact 
with  boiler  surfaces,  and  to  escape  unburned,  thus  constituting  a  seri- 
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ous  loss  of  heat.  One  approved  method  to  insure  the  burning  of 
volatile  matter  is  so  to  construct  the  furnace  and  setting  that  the 
travel  of  the  gases  rising  from  the  fire  is  lengthened,  their  velocity  is 
checked,  they  have  to  spend  more  time  in  contact  with  hot  brick- 
work in  the  presence  of  air;  and  finally  they  are  thorouglily  mixed 
with  the  air  supplied  for  combustion.  One  of  the  simplest  ways  to 
insure  these  results  is  to  employ  very  large  and  sometimes  long  com- 
bustion chambers.  Merely  increasing  the  cross  section  of  the  pas- 
sage reduces  the  velocity  of  the  gases  through  it,  as  may  be  simply 
and  effectively  illustrated  by  blowing  through  a  one-half-inch  pipe 
against  the  palm  of  the  hand.  The  impact  of  the  air  is  felt,  denoting 
considerable  velocity.  This  "velocity  pressure"  indicates  that  the 
current  of  the  air  is  rapid  and  that  a  particle  or  molecule  passes 
through  the  small  pipe  very  quickly.  Now  try  the  same  experiment 
with  a  1-inch  pipe.  The  impact  against  the  hand  is  small,  and  this 
low  velocity  pressure  indicates  that  the  air  is  moving  slowly  and 
taking  a  longer  time  to  pass  through  the  pipe  having  the  larger  sec- 
tion or  draft  passage.  The  pipe  is  the  combustion  chamber  and  the 
chimney,  your  lungs,  has  the  same  capacity  in  each  experiment. 
The  only  difference  is  the  cross  section  of  the  combustion  chamber. 

By  enlarging  or  lengthening  the  combustion  chamber,  the  gases 
are  compelled  to  remain  a  longer  time  in  contact  with  hot  surfaces, 
more  complete  diffusion  of  the  fuel  gases  with  the  oxygen  is  possible, 
and  combustion  is  improved.  The  addition  of  proper  baffling  to 
give  a  mechanical  mixing  action  produces  still  better  results.  But 
all  this  must  be  accomplished  before  the  fuel  gases  come  in  intimate 
contact  with  the  cooling  (generally  caUed  heating)  surfaces  of  the 
boiler.  Other  means  are  also  employed  to  bring  about  this  necessar}^ 
mixing  of  the  fuel  gases  with  the  air;  among  them  are  special  draft 
actions  and  furnaces  constructed  somewhat  on  the  principle  of  the 
Argand  burner.' 

How  the  moisture  content  of  a  fuel  affects  the  necessity  of  mixing 
the  gases  is  of  interest.  The  moisture  is  evaporated  as  steam,  a  gas, 
and  becomes  superheated.  The  molecules  of  this  noncombustible 
gas  tend  to  form  a  separating  medium  between  the  molecules  of  oxy- 
gen and  those  of  the  combustible  gases.  Thus  moisture  increases 
the  opposition  to  combustion  and  increases  the  need  and  value  of 
assuring  a  thorough  homogeneous  mixture  of  the  gases  rising  from 
the  fire.  This  point  was  brought  forward  by  Mr.  Albert  A.  Gary,  in 
his  discussion  before  the  American  Society  of  Mechanical  Engineers, 
of  the  author's  paper  on  "Tanbark  as  a  boiler  fuel." 

I  For  descriptions  of  special  furnaces  for  burning  coal  at  stationary-boiler  plants,  see  publications  of 
the  Bureau  of  Mines  listed  on  p.  51. 
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THE  EFFICIENT  BURNING  OF  LOW-GRADE  OR  WASTE  FUELS. 

In  the  foregoing  paragraphs  the  author  has  outline  broadly  the 
elements  of  the  problem  of  the  successful  use  of  autocombustible  and 
semicombustible  wastes.  It  remains  to  review  the  principal  waste 
fuels,  and  to  show  the  means  employed  for  their  effective  combustion 
or  utilization.  As  sawdust  heads  the  list  named  on  page  1,  its  char- 
acteristics and  treatment  as  fuel  will  be  considered  first. 

SAWDUST    AND    WOOD    WASTE. 

Sawdust  and  wood  waste  are  of  course  available  mainly  in  lum- 
bering districts.  With  sawdust  the  sawmills  produce  waste  wood 
in  the  form  of  edgings,  end  cuts,  shavings,  and  various  forms  of 
blocks  and  scraps. 

At  many  plants  the  bulk  of  this  material  is  so  great  that  it  not 
only  supplies  power  and  heat  for  the  mill,  but  furnishes  electric 
lighting  for  the  whole  town,  and  even  then  in  order  to  prevent  its 
accumulation  a  large  destructor  is  kept  constantly  in  operation  and 
the  heat  from  the  burning  wood  is  wasted  to  the  atmosphere.  If 
there  were  a  market  for  electric  power  within  reasonable  distance, 
this  deplorable  waste  could  be  converted  readily  into  a  great  economy. 
Even  now  plans  are  being  considered  to  prevent  such  waste,  and  at 
least  one  plant  is  in  operation  for  producing  wood  alcohol  and  other 
chemicals  from  such  material.  Inventors  have  long  worked  on 
plans  that  might  make  possible  its  use  for  wood  pulp  in  the  paper 
industry. 

Sawdust  and  wood  waste  are  readily  convertible  into  gas  that 
may  be  used  as  fuel  in  gas  engines.  Information  regarding  a  specific 
instance  of  such  use  is  given  by  Mr.  Charles  E.  Snypp  in  a  paper 
contributed  to  the  Journal  of  the  Association  of  Engineering  Socie- 
ties, reviewed  in  the  October,  1912,  issue  of  the  Engineering  Maga- 
zine. 

USE    OF   DUTCH    OVEN. 

The  burning  of  sawdust  for  boiler  purposes  is  best  accomplished 
by  means  of  a  simply  constructed  ''Dutch-oven"  furnace.  As  a  rule 
only  one  feed  hole  in  the  roof  of  the  furnace  is  used,  for  sawdust  is 
such  an  excellent  fuel  that  it  will  produce  a  hot  fire  even  when 
handled  roughly  and  carelessly. 

Of  course,  with  a  single  feeding  hole  in  the  top  of  the  Dutch  oven, 
the  sawdust  forms  a  cone  on  the  grate  surface.  A  cone  is  about  the 
least  effective  form  in  which  any  fuel  may  be  arranged  on  a  grate  for 
bm-ning.  The  draft  penetrates  the  bed  of  fuel  at  the  points  of  least 
resistance,  that  is,  at  the  shallowest  parts ;  hence  the  air  enters  at  an 
excessive  rate  around  the  edges  of  the  cone  while  the  largest  part 
of  the  grate  is  effectually  airtight  and  consequently  is  "dead." 
This  difficulty  can  be  reduced  or  eliminated  by  different  methods 
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which  will  be  described  later.     But,  as  before  stated,  sawdust  will 
give  fairly  good  results  with  even  this  unskillful  treatment. 

In  a  mill  where  sawdust  was  plentiful  the  writer  examined  a  very 
effective  boiler  plant,  a  battery  of  six  fire-tube  boilers,  each  equipped 
with  a  Dutch-oven  furnace  having  a  single  feed  hole  in  its  arch. 
An  overhead  conveyor  brought  in  a  continuous  supply  of  sawdust. 
An  iron  chute  from  the  conveyor  to  each  furnace  led  the  sawdust  to  a 
point  about  2  feet  directly  above  the  feed  hole,  the  iron  cover  of 
which  was  left  partly  open,  allowing  the  sawdust  to  flow  into  the 
furnace.  By  adjusting  the  sliding  doors  in  the  bottom  of  the  con- 
veyor, the  flow  of  sawdust  onto  the  grate  could  be  made  almost 
automatic.     A  great  deal   of  air  entered    the  furnace  throujjh  the 
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Figure  1.— Sawdust  furnace  of  Dutch-oven  type. 

partly  open  feed  holes  in  the  tops  of  the  arches,  but  the  loss 
on  this  account  was  not  as  great  as  might  seem,  because  with  a 
heavy  pUe  of  sawdust  in  the  furnace  enough  air  for  combustion 
would  not  enter  through  the  grate  and  therefore  the  supply  of 
air  through  the  feed  hole,  in  spite  of  the  crude  method  of  admission, 
was  of  real  advantage.  Intense  combustion  is  actually  seen  at  the 
inside  edges  of  the  feed-hole  where  the  air  meets  the  highly  heated 
gases  from  the  fuel. 

Figure  1  shows  a  typical  sawdust  furnace  with  horizontal  tubular 
boilers. 

FURNACE  FOR   BURNING  WOOD  WASTE   OR   COAL. 

Special  problems  often  arise  in  the  combustion  of  wood  waste. 
One  such  problem  met  by  the  author  is  perhaps  of  interest,  because 
several  rather  opposing  conditions  had  to  be  fulfilled  in  a  single 
furnace.     It  was  desired  to  construct  a  burner  that  would  handle 
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with  least  labor  and  greatest  efl&ciency  wood  waste  containing  saw- 
dust, blocks,  end  cuts,  edgings,  shavings,  and  slabs  in  varying  pro- 
portions, and  also  it  was  further  specified  that  the  same  furnace 
must  be  convertible  into  a  good  soft-coal  burner  at  times  when 
the  wood  fuel  would  not  be  available. 

Figure  2  gives  some  details  of  the  furnace  which  was  designed 
to  meet  these  conditions  and  is  meeting  them  in  a  satisfactory 
manner.  Separate  storage  bins  were  provided  for  the  sawdust  and 
for  the  bulkier  and  miscellaneous  materials.  It  was  further  arranged 
to  feed  the  sawdust  alone  and  separately  through  the  top  feed-hole  up 
to  the  full  capacity  of  the  furnace  until  this  supply  of  sawdust  was 
depleted.  Then  by  sealing  the  feed-hole  and  charging  by  means 
of  a  "pusher"  from  a  steel  floor  level  with  the  grates  the  furnace 
burned  slabs,  end  cuts,  and  the  other  forms  of  wood  at  good  effi- 
ciency. As  the  vertically  sliding  door  can  be  quickly  opened  and 
closed,  excessive  entrance  of  air  during  the  charging  can  be  prevented. 
When  coal  is  burned,  it  is  charged  through  the  same  sliding  door 
and  is  either  spread  or  is  fired  by  the    alternate  or  coking   method. 

As  the  grates  have  the  air  spacing  proper  for  fine  sawdust,  the 
correct  regulating  of  the  air  supply  for  the  other  fuels  used  is  ac- 
complished by  adjusting  the  admission  of  the  required  amount  by 
means  of  the  levers  connecting  the  air  valves  on  the  front  of  the  fur- 
nace. The  air  becomes  preheated  by  the  walls  and  the  combustion 
arch  of  the  furnace,  and  is  admitted  to  the  fire  at  points  surrounding 
the  throat,  thus  producing  somewhat  the  eff'ect  of  an  Argand  burner. 
The  large  combustion  space,  the  baffle  walls^  and  the  explosion  doors 
complete  the  chief  features  of  the  equipment. 

Although  the  air  requirements  and  heat  values  of  sawdust  and  coal 
differ  greatly,  either  fuel  will  develop  about  the  same  number  of  heat 
units  per  square  foot  of  grate  surface  per  hour.  It  is  largely  this  fact 
that  makes  possible  such  an  interchange  of  different  fuels  on  the  same 
grate  and  in  the  same  furnace.  The  above  furnace  was  reported  by 
the  owner  to  consume  the  calculated  amount  of  wood  waste,  and  when 
this  material  is  lacking  the  furnace  burns  soft  coal  without  smoke. 
The  high  combustion  is  indicated  by  an  average  of  12  per  cent  CO,  in 
the  stack  gases  during  a  month's  run. 

The  heating  value  of  wood  differs  with  the  kind  of  wood  and  also 
with  its  dryness. 

COMPOSITION    OF    "  HOG    FEED." 

"Hog  feed"  is  the  local  term  for  sawmill  refuse  which  has  been 
fed  through  a  disintegrator  or  ''hog"  by  which  the  various  sizes  and 
forms  are  reduced  to  a  practically  uniform  size  of  chips,  or  rather 
shreds.  In  this  condition  it  can  be  handled  much  more  conveniently 
and  fired  with  higher  efficiency,  and  can  be  readily  mixed  and  fed 
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with  sawdust  to  supplement  the  latter  in  the  same  furnace.  In  the 
lumbering  region  of  Wisconsin  the  author  obtained  samples  of  such 
material,  in  the  spring  of  the  year,  that  was  made  from  water-soaked 
timber  from  the  mill  pond.  It  contained  52  per  cent  moisture,  and 
3.7  tons  showed  an  available  heat  value  equivalent  to  1  ton  of  coal  of 
13,000  B.  t.  u.,  as  follows: 

Heating  value  of  "hog  feed.  " 

Total  heat  per  dry  pound  by  bomb  calorimeter  test,  B.  t.  u 8, 600 

Moisture,  per  cent 52 

Total  heat  in  one  moist  pound,  B.  t.  u 4, 128 

Heat  to  evaporate  moisture  to  chimney  temperature  492°  F,  B.  t.  u 650 

Heat  available  for  boiler,  per  wet  pound  as  fired,  B.  t.  u 3, 478 

13,000  -^  3,478  =  3.74  tons  '^hog  feed"'  =  1  ton  coal. 

Figuring  back  on  the  dry-wood  basis,  100  pounds  of  dry  hog  feed 
containing  52  per  cent  moisture  would  produce  208  pounds  of  fuel 
at  3,478  available  B.  t.  u.  =  723,424  B.  t.  u.,  or  1  pound  of  dry  wood 
would  produce  an  available  heat  in  the  fireroom  of  7,234  B,  t.  u.,  so 
that  by  tabulating  the  B.  t.  u.  on  fom*  chfferent  bases  we  have: 

Heating  value  of ''hog  feed, "  on  different  bases. 

B.  t.  u. 

1.  Heat  per  pound  of  dry  wood 8, 600 

2.  Available  heat  per  pound  of  wet  wood  as  fired 3, 478 

3.  Available  heat  per  pound  of  dry  wood  as  fired 7,  234 

4.  Total  heat  in  a  pound  of  the  wet  fuel 4. 128 

IMPORTANCE  OF  STATIXG  HEATING-VALUE  BASIS  IN  TESTS. 

At  this  point  the  author  deviates  from  the  specific  treatment  of 
wood  fuel  in  order  to  emphasize  as  clearly  as  possible  a  matter  con- 
cerning which  there  is  much  confusion,  both  in  recorded  tests  and  in 
reference  books  in  reporting  the  calorific  values  of  moist  fuels. 

The  above  table  exemplifies  four  correct,  though  different,  methods 
of  reporting  the  heating  value  of  such  fuels.  Unless  the  value  given 
is  accompanied  by  a  clear  statement  of  how  it  was  obtained,  the  in- 
formatiqfi  is  useless.  In  fact,  it  is  worse  than  useless,  as,  four  chances 
to  one,  it  will  cause  a  grievous  and  possibly  fatal  error  in  calculations 
intended  to  produce  practical  results.  A  glance  at  the  values  in  this 
table  proves  that  such  an  error  may  have  a  magnitude  of  100  per  cent 
above  or  50  per  cent  below  the  truth. 

There  is  indeed  a  fifth  method  of  obtaining  and  reporting  heat 
value.  In  the  example  above  the  fuel  was  burned  after  being  dried 
of  all  moisture.  The  moisture  being  separately  determined,  its  loss 
by  evaporation  and  temperature  rise  can  be  readily  calculated  for 
any  set  of  actual  furnace  and  boiler  conditions.  In  the  table  above, 
the  temperature  of  the  air  entering  the  furnace  was  taken  at  62°  F. 
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and  that  of  tlio  waste  gases  from  the  boiler  at  492°  F.  The  fifth 
method  is  to  burn  the  fuel  in  a  bomb  calorimeter  without  removing 
its  contained  moisture.  This  will  give  a  calorific  value  per  pound  of 
"wet  fuel  as  fired"  similar  to,  but  higher  than,  value  No.  2  in  the 
table;  because  the  moisture  is  recondensed  in  the  calorimeter  and 
therefore  gives  up  to  the  recording  water  that  amount  of  heat  which 
in  the  actual  burning  of  the  fuel  undi-r  a  boiler  w^ould  be  lost  up  the 
chimney. 

In  C(tnsc([ucnce,  writers  and  engineers  ought  always  to  state  exactly 
what  they  mean  by  the  heat  values  they  refer  to  when  dealing  with 
moist  fuels. 

If  the  calorific  value  of  a  fuel  is  determined  by  drying  and  then 
burning  in  a  bomb  calorimeter,  the  hydrogen  in  the  fuel  burns  to 
steam  gas  (H,0),  which  is  condensed  in  the  calorimeter.  The  result 
obtained  is  known  as  the  high  value,  because  the  condensation  of 
the  steam  resulting  from  the  burning  of  the  hydrogen  gives  back  to 
the  calorimeter  the  latent  heat  of  the  steam  produced,  and  this  heat 
is  measured  as  part  of  the  heat  value  of  the  fuel.  When,  however, 
this  same  fuel  is  burned  under  a  boiler  from  which  the  products  of 
combustion  escape  into  the  atmosphere  at  a  temperature  higher  than 
212°  F.,  the  superheated  steam  formed  by  the  burning  hydrogen 
can  not  condense  and  therefore  carries  with  it  out  of  the  stack,  as  a 
loss,  the  latent  heat  of  the  steam  (970  B.  t.  u.  per  pound),  as  well  as 
the  heat  that  was  taken  from  the  fire  to  increase  the  temperature  of 
the  escaping  flue  gnses. 

The  high  value  of  h^'drogen  as  above  described  is  62,000  B.  t.  u. 
per  pound.  The  low  value  is  generally  taken  to  mean  the  high  value 
less  the  latent  heat,  without  considering  a  final  temperature  higher 
than  212°  F.  This  "low  value"  is  62,000  B.  t.  u.  less  the  heat^ab- 
sorbed  by  the  9  pounds  of  steam  produced  by  the  combustion  of  1 
pound  of  hydrogen. 

If  the  temperature  of  the  hydrogen  before  burning  is  39°  F.,  then 
the  lost  heat  in  the  steam  will  be  9  X  ([212  -  39]  +970)  =  10,287,  which 
deducted  from  62,000  leaves  51,713  B.  t.  u.  as  the  "low"  heating 
value  of  h3-drogen.  Sometimes  only  the  latent  heat  is  deducted, 
which  would  make  this  figure  53,270  B.  t.  u. 

CALCULATION    OF   AVAILABIK    HEAT. 

Ordinarily,  for  commercial  purposes,  in  calculating  the  available 
heat  in  a  fuel,  the  loss  due  to  burning  hydrogen  to  steam  gas  is  disre- 
garded. When  specified  for  some  special  purpose,  however,  in 
connection  with  a  boiler  test,  it  is  calculated  in  the  same  way  as 
moisture  loss,  each  pound  of  hydrogen  forming  9  pounds  of  steam  or 
water. 

940G(3°— 22 3 
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The  determination  of  the  available  heat  in  a  moist  fuel  is  as  follows: 

Determination  oj  available  heat  in  a  moist  Juel. 

Let  weight  of  fuel  as  fired,  pounds =W 

Let  moisture  in  fuel  as  fired,  per  cent =  M 

Let  heat  value  of  dried  fuel,  B.  t.  u =H 

Let  temperature  of  fuel  as  fired,  °  F =t 

Let  temperature  of  flue  gases,  °  F =T 

Total  heat  in  1  pound  of  the  wet  fuel  is  ( W-MW)H  total  heat (1) 

Moisture  loss  to  bo  deducted  from  this  total  heat  will  be: 

Loss,  L=M  ([212-t]+970+0.48  [T-212]) (2) 

Available  heat  per  pound  as  fired  (1)  less  (2)=(W— MW)H— L. 

Example:  Find  the  available  heat  per  pound,  as  fired  for  steam-making  purposes, 
in  a  fuel  containing  66|  per  cent  moistui*e,  and  showing  when  burned  in  a  dry  state  in  a 
bomb  calorimeter  a  heat  value  of  9,600  B.  t.  u.  per  dry  pound,  assuming  t=62°  F., 
T=512°F. 

Total  heat  in  1  pound  of  moist  fuel=(9,600-[0.66|X9,600])=3,200  B.  t.  u.=(l). 

Moistm-elos3=L=0.666([212-62]+970+0.48[512-212])=843  B.  t.  u.=(2). 

Available  heat  per  pound  as  fired=3,200-843=2,357  B.  t.  u. 

Now  in  addition  to  the  accurate  bomb-calorimeter  method  of  ascer- 
taining the  heating  value  of  a  fuel,  upon  which  the  author  bases  all 
his  calculations,  another  but  less  accurate  method  is  employed. 
An  ultimate  analysis  of  the  material  is  made  by  a  competent  chemist, 
which  shows  the  percentage  of  each  chemical  element.  As  the 
calorific  value  of  each  of  these  constituents  is  kno^vn,  formula  have 
been  devised  for  calculating  with  this  information  what  may  be  the 
heating  value  of  the  substance  as  a  whole.  The  most  widely  used 
formula  for  this  purpose  is  that  of  Dulong,  and  is  as  follows: 

B.  t.  u.  per  pound=  14,600  C +  62,000  (H-^)  +4,000  S, 

in  which  C,  H,  O,  and  S  are,  respectively,  the  percentages  of  carbon, 

hydrogen,  oxygen,  and  sulphur,  each  divided  by  100. 

This  formula  is  not  correct  for  fuels  containing  any  considerable 

percentage  of  oxygen,  for  the  reasons  given  below.     Take  for  practical 

example  the  ultimate   analysis  of  tanbark,  which  is  representative 

of  woody  fuels  and  is  composed  on  the  percentage  basis  as  follows: 

C=51.8,   H=6.04,   0  =  40.74,   ash=1.42.     Apply  Dulong's  formula 

and  we  have 

40  74 
•      146 X 51.8 +620(6.04--^)=  8,084  B.  t.  u. 

as  the  heat  value  tlius  derived. 

More  than  40  actual  bomb-calorimeter  tests  have  shown,  however, 
that  the  heat  value  is  really  9,500  B.  t.  u. — the  discrepancy  between 
the  truth  and  the  result  obtained  by  the  Dulong  formuhi  being 
nearly  15  per  cent.  So  much  for  the  actual  fact;  now  for  the  reason: 
Dulong's  formula  is  based  on  the  erroneous  assumption  that  all  the 
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oxygen  in  the  compound  exists  in  chemical  combination  with  the 
hydrogen,  forming  11,0,  thus  neutralizing  the  heat  value  of  as  many 
hydrogen  atoms  as  are  so  combined.^ 

Recently  Dr.  Henry  C.  Sherman  ^  has  written  a  most  enlightening 
article  on  this  subject.  His  conclusions  are  based  upon  15  compar- 
isons of  calculated  versus  actual  bomb-calorimeter  values,  and  his 
summary,  which  follows,  is  the  most  authoritative  statement  on  tliis 
subject  at  the  present  time.     He  says: 

It  may  be  concluded — 

L  That  too  much  reliance  should  not  be  placed  upon  estimates  of  calorific  power 
from  ultimate  chemical  composition  in  fuels  high  in  oxygen. 

2.  That  Dulong's  formula,  or  any  similar  formula  based  on  Welter's  rule  of  calcu- 
lating the  oxygen  vrith  the  hydrogen,  is  likely  to  give  results  much  below  the  truth. 

3.  That  the  higher  results  obtained  by  calculating  the  oxygen  of  the  sample  as  com- 
bining with  the  carbon,  according  to  the  suggestion  of  Walker,  are  much  more  nearly 
correct,  and  in  most  cases  show  a  fair  approximation  to  the  values  directly  determined. 

The  foregoing  discussion  emphasizes  the  necessity  for  precise  work 
and  careful  reasoning  in  dealing  with  waste  fuels  if  accurate  testing, 
high  efficiency,  and  practical  results  are  to  be  obtained. 

FURM.\CE    FOR    BURNING    S.A.WDUST. 

To  return  to  the  actual  burning  of  wood  fuels,  Figure  1  shows  an 
ordinary  sawdust  furnace  of  the  Dutch-oven  type  such  as  is  com- 
monly found  in  lumbering  and  sawmill  districts.  It  has  at  the  top 
the  single  feed  hole  which  gives  the  characteristic  cone-shaped  bed 
of  fuel  on  the  grate.  The  author  has  already  pointed  out  the  ineffi- 
ciency of  draft  distribution  around  the  edges  of  this  cone  and  the 
effects  of  the  inflow  of  unmixed  air  through  the  feed  hole. 

Figure  3  shows  a  sawdust  burner  designed  by  the  author  to  over- 
come both  of  these  difficulties  and  also  to  provide  automatic  feeding 
of  the  fuel  at  precisely  the  rate  at  which  combustion  takes  place. 
The  V-shaped  grate  receives  two  flat  streams  of  sawdust  from  the 
lower  open  ends  of  cast-iron  or  firebrick  chutes  of  rectangular  section 
which  are  kept  filled  with  the  fuel.  As  the  fire  consumes  the  sawdust 
more  is  automatically  supplied  by  gravity,  and  a  bed  of  fuel  of 
unvarying  thickness  and  efficiency  is  maintained.  The  thickness 
of  the  fuel  can  be  changed  at  \\i\\  to  suit  the  draft  by  raising  or  low- 
ering the  feed  chutes.  A  flat  instead  of  the  cone-shaped  fuel  bed 
of  sawdust  insures  proper  draft  distribution,  thereby  greatly  increas- 
ing the  rate  of  combustion  and  permitting  the  use  of  a  smaller  fur- 

>  For  a  detailed  discussion  of  the  anticaloriflc  eCfects  of  oxygen  in  coal  see  White,  David,  The  effect  of  oxy- 
gen in  coal:  Bull.  29,  Bureau  of  Mines,  1911,  80  pp. 

'Sherman,  H.  C,  The  relation  of  chemical  composition  to  calorific  power  in  wood,  peat,  and  similar  sub- 
stances: School  of  Mines  Quarterly  (Columbia  University),  vol.  33,  pp.  30-33,  Nov.,  1911;  Contributions, 
department  of  chemistry,  Columbia  University,  vol.  14,  No.  20O,  1911-1912. 
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nace.  The  grates  are  of  the  special  type  used  in  the  stoker  furnace 
for  tanbark  and  chips,  and  give  a  blowpipe  or  concentrated  draft 
action  described  in  connection  with  Figure  6  (p.  20). 

With  wet  sawdust  having  a  fuel  value  of  8,600  B.  t.  u.  per  dry 
pound  and  containing  52  per  cent  moisture  the  expected  evapora- 
tion should  be  in  the  neighborhood  of  2.5  pounds  of  water  from  and 
at  212°  F.  per  pound  of  sawdust,  weight  as  fired,  with  a  combined 
thermal  efficiency  of  boiler  and  furnace  at  70  per  cent  of  the  available 
heat  in  a  pound  of  the  fuel  as  fired. 

TAXBARK. 

It  is  believed  that  tanbark  contains  a  larger  percentage  of  moisture 
than  any  of  the  other  moist  fuels.  Hence  its  correct  treatment  as  a 
fuel  has  valuable  bearing  on  the  proper  handling  of  other  moist  fuels 
for  high  efficiency  of  combustion.  The  handling  of  tanbark  for 
high  efficiency  may  be  concisely  outlined  by  a  partial  quotation  from 
the  summary  of  the  author's^  paper  read  before  the  American  Society 
of  Mechanical  Engineers  at  the  annual  meeting  of  1909,  and  by  sup- 
plementar}'  information  on  illustrations  of  furnaces  given  herewith. 
The  paper  was  the  result  of  some  40  tests  of  spent  tanbark  under 
actual  conditions  in  various  furnaces  and  settings.  Some  conditions 
are: 

Moisture. — In  condition  for  firing,  wet  spent  hemlock  tan  usually 
contains  close  to  65  per  cent  of  moisture. 

Availahle  B.  t.  u. — Bomb-calorimeter  tests  of  many  samples  of 
spent  hemlock  tan  give  an  average  value  of  about  9,500  B.  t.  u.  per 
pound,  the  samples  being  dried  before  burning.  The  available  heat 
per  pound  as  fired,  after  subtracting  moisture  loss,  is  about  2,500 
B.  t.  u. 

Effect  of  leaching  on  B.  t.  u. — The  heat  value  of  spent  hemlock  tan 
is  not  affected  by  the  degree  of  leaching,  except  as  the  actual  weight 
is  changed. 

Chemical  composition. — The  chemical  composition  of  tanbark  has 
been  quoted  in  the  discussion  of  Dulong's  formula. 

Improved  efficiency. — A  considerable  improvement  in  efficiency  was 
produced  by  a  specially  designed  furnace  that  provided  automatic 
feeding,  large  combustion  space  over  the  fuel,  and  special  draft 
admission. 

Presses. — The  use  of  presses  for  reducing  the  moisture  content 
before  firing  may  be  good  economy  if  the  amount  of  tan  compared 
to  the  amount  of  coal  is  considerable,  and  if  the  grate  surface  is  prop- 
erly reduced  to  meet  the  demands  of  more  rapid  combustion.  Some- 
times the  grate  surface  is  reduced  one-third.     The  gain  in  available 


<  Myers,  Da\'id  MoSatt,  Tanbark  as  a  boiler  fuel:  Proc.  Am.  Soc.  Mech.  Eng.,  vol.  31, 1909,  pp. 685-723. 
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heat  is  about  1 J  per  cent  for  each  per  cent  drop  in  moisture,  and  this 
drop  rarely  exceeds  7  per  cent — that  is,  a  reduction  of  moisture  from, 
say,  65  to  58  per  cent. 

Addition  of  coal. — As  a  result  of  special  comparative  tests,  the  addi- 
tion of  about  1  pound  of  coal  to  6  pounds  of  pressed  tan  raised  the 
combined  furnace  and  boiler  efficiency  from  59.4  per  cent  to  63.4  per 
cent.  The  average  COj  content  of  the  flue  gases  increased  from  10.9 
to  13.8  per  cent.  The  output  of  the  boiler  rose  from  92  per  cent  to 
135.5  per  cent  of  its  rating.  A  further  increase  of  efficiency  would 
have  resulted  in  a  furnace  especially  designed  for  burning  a  mixture 
of  coal  and  tan. 

Ample  combustion  space. — ^One  of  the  most  important  factors  in 
the  design  of  furnaces  for  tan  burning  is  ample  combustion  space. 
Low-arched  furnaces  tend  to  cause  bad  combustion. 

Refractory  arch. — A  refractory  arch  or  similar  combustion  arrange- 
ment is  necessary.  Tan  in  its  usual  condition  can  not  be  burned  in 
a  common  coal-burning  setting  without  an  arch  separating  the  fire 
from  the  cooling  surface  of  the  boiler  shell  or  tubes. 

Furnace  temperature. — Excellent  combustion  of  tan  has  given 
1,500°  F.  in  the  throat  of  the  furnace. 

Flue-gas  analyses. — Basing  the  comparison  on  flue-gas  analyses, 
tan  bums  with  a  higher  combustion  than  coal  under  equally  favor- 
able conditions.  The  large  moisture  content  of  tanbark  produces  a 
comparatively  low  furnace  temperature,  even  with  good  chemical 
combustion,  and  acts  against  an  equally  high  combined  efficiency  of 
furnace  and  boiler. 

FURNACES    USED. 

The  furnaces  found  throughout  the  country  differed  considerably 
in  design  and  in  results.  Owing  to  the  previous  lack  of  testing  no 
rationally  fixed  formulae  for  design  existed,  and  consequently  the 
furnaces  were  designed  mainly  on  somebody's  idea  of  what  might 
give  improved  results. 

All  the  furnaces  had  a  Dutch-oven  construction,  but  differed  in  the 
number  of  feed  holes  in  the  roof  of  the  arch.  Some  were  deep.  Some 
were  shallow.  Occasionally  a  double-arched  furnace  was  found. 
Some  combustion  chambers  were  large,  some  were  small,  and  sys- 
tems of  firing  werie  found  that  suited  the  convenience  and  disposition 
of  the  firemen  rather  than  the  economy  of  the  fuel  and  the  design  of 
the  furnace. 

Generally  speaking,  the  poorest  results  were  found  in  low-arched 
furnaces  fired  heavily  at  long  intervals.  Much  difficult}^  resulted 
from  the  cone-shaped  beds  of  fuel  heavily  packed  on  the  grates  with 
the  draft  ripping  up  the  light  edges  into  blowholes  and  cooling  the 
furnace. 

Ordinary  types  of  tan  furnaces  are  sho^vn  in  Figures  4  and  5.  The 
ffi'st  represents  one  of  the  earlier  types — very  long,  with  a  single  row 
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of  feed  holes.  This  furnace  was  known  as  the  Hoyt,  and  where  there 
was  a  large  excess  of  tan  to  be  destroyed  it  answered  the  purpose. 

Figure  5  is  a  more  modern  type  with  a  double  row  of  feed  holes, 
for  more  even  distribution  of  fuel  on  the  grate,  and  a  secondary  air 
supply  in  the  bridge  wall. 

Figure  0  shows  the  author's  special  design  of  automatic-stoker 
furnace,  successfully  used  in  modern  plants,  which  has  shown  under 
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Figure  4.— Early  type  or  furnace  for  buruing  taubark. 

test  a  combined  efficiency  of  boiler  and  furnace  of  71.1  per  cent  based 
on  the  available  heat  in  the  tan.  As  the  cut  shows,  the  features 
combining  to  secure  these  improved  results  are:  (1)  Large  combus- 
tion space  over  the  fuel  bed;  (2)  automatic  and  continuous  feeding 
of  the  fuel  at  the  exact  rate  of  combustion;  (3)  drying,  by  passage 
over  dead  plates  at  the  upper  edges  of  the  grates,  before  receiving 
air  supply;  (4)  discharge  of  ash  by  a  shaking  grate  at  the  bottom 
of  the  furnace;  and  (5)  special  draft  action  as  shown  in  Figure  7. 


Fi'iURE  5.— Later  t>-pe  of  furnace  for  burniui,'  taubark. 

The  horizontal  air  spacing  in  the  oppositely  inclined  grate  surfaces 
directs  the  draft  currents  to  a  focus  of  combustion  in  the  central 
zone  of  the  furnace  in  a  manner  similar  to  the  two  flames  of  an 
acet3dene  gas  burner.  The  currents  or  flames  react  upon  the  dead 
plates,  drying  the  fuel  thereon,  and  the  volatile  gases  distilled  off  are 
dra%vn  downward  into  the  focus  of  combustion  where  they  meet  the 
effective  combination  of  air  supply  and  high  temperature  and  are 
thus  consumed  at  full  efficiency. 

MIXTLTRE    BURNING. 

Owing  to  the  shortage  of  tanbark  and  to  the  increased  use  of 
steam  in  the  modern  tannery,  it  has  been  necessary  to  develop  a 
mixture-burning  furnace.     By  proper  design  of  the  furnace  the  con- 
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sumption  of  coal  can  usually  be  reduced  greatly  and  sometimes 
entirel}'  eliminated.  Figure  8  shows  a  design  to  meet  special 
requirements. 

1.  This  furnace  was  designed  by  the  author  to  bum  a  uniform 
mixture  of  coal  and  tan,  under  which  conditions  it  gives  the  best 
results.  To  get  such  a  mixture  the  coal  may  be  shoveled  into  the 
tan  conveyer;  all  lumps  are  eliminated  or  broken  to  about  1-inch 
mesh.     The  mixture  is  fired  through  eyes  in  the  furnace  top. 


Figure  7. — Draft  action  of  automatic-stoker  furnace. 

2.  The  furnace  will  burn  tanbark  alone,  but  at  reduced  efficiency 
and  capacity;  it  is  therefore  always  advisable  that  at  least  a  light 
mixture  of  coal  be  used  with  the  tan  in  this  design. 

3.  At  times  when  the  supply  of  tan  is  very  small  compared  to  the 
coal  required  good  results  can  be  obtained  by  firing  both  coal  and 
tan  by  shovel  through  the  firing  doors  at  the  front  on  the  lower  level. 

4.  When  no  tan  whatever  is  available  a  very  high  capacity  can  be 
obtained  by  firing  coal  alone  tlirough  the  lower  front  firing  doors. 
Coal  when  used  alone  should  never  be  fired  through  the  eyes  in  the 
top  of  the  furnace. 

The  auxiliary  air  dampers  on  the  furnace  front  should  always  be  at 
least  shghtly  open,  and  should  be  opened  still  wider  to  a  full  opening 
according  to  the  fuels  used  and  the  combustion  requirements.  Gen- 
erally speaking,  as  more  coal  and  less  tan  is  burned  the  dampers 
should  be  opened  wider,  and  vice  versa. 

94066°— 22 4 
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Figure  8.— Design  of  furnace  for  burning  tanbark  and  coal:  a,  Shaking  and  dumping  grate;  b,  eyes  for 
feeding  tan;  r,  coal-firing  door;  i,  air  duct;  f,  air-inlet  pipe  \\ith  dampers. 
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A  set  of  shaking  and  dumping  grates  was  fitted  to  this  mixture- 
burning  furnace,  7  feet  long  by  7  feet  wide.  These  grates  combined 
both  shaking  and  dumping  features  and  were  very  strong  and  heavy. 
The  width  of  air  spacings  was  %  inch  and  the  draft  area  40  to  oQ 
per  cent.  Features  to  be  noted  are:  (1)  Large  combustion  space; 
(2)  a  strong  set  of  shaking  grates,  as  the  clinker  is  bad  with  this 
kind  of  mixture;  (3)  heated  auxiliary  air  supply;  (4)  special  bridge 
wall  for  baffling;  (5)  comparatively  small  grate  surface;  and  (6) 
provision  for  feed  at  the  top  through  four  holes  and  front  stoking  at 
the  bottom  by  hand  if  desired.  These  furnaces  burn  a  heavy  mixture 
of  soft  coal  without  smoke. 

When  coal  and  tan  are  both  needed  the  best  method  of  burning 
them  depends  upon  the  proportion  and  quantity  of  each  required. 
If  the  supply  of  tan  available  is  small  enough  it  will  not  pay  to  use  a 
tan  furnace,  but  rather  to  mix  the  tan  for  combustion  in  any  efFi- 
cient  design  of  coal  furnace.  Conversely,  when  the  proportion  and 
quantity  of  coal  are  small  enough,  it  will  not  pay  to  use  a  separate 
coal  furnace.  When  the  tan  predominates  the  furnace  design  must 
tend  more  toward  the  pure  tan-burning  type,  and  when  the  richer 
mixtures  of  coal  are  used  the  design  must  tend  more  toward  the 
coal-burning  type.  A  careful  study  of  conditions  at  each  plant  is 
essential  to  economy. 

Figure  9  shows  the  author's  design  to  fulfill  the  requirements  listed 
below. 

1.  To  develop  150  boiler  horsepower  when  only  oak  spent  tan  is 
burned.  Under  these  conditions  the  fire  doors  and  ashpit  doors  of 
the  auxiliary  coal  furnace  are  to  be  bricked  up,  plastered  air-tight, 
and  kept  closed;  only  the  six  firing  holes  are  to  be  used.  The  best 
results  will  be  obtained  by  firing  one  or  two  holes  at  a  time  with 
intervals  of  5  to  15  minutes  between  firing,  and  by  can-ying  a  low 
fuel  bed,  just  deep  enough  to  prevent  the  formation  of  air  holes  or 
blow  holes.  This  method  of  operating  will  prevent  sparking  and 
excess  air.  The  holes  should  be  fired  alternately  so  that  two-thirds 
of  the  fuel  bed  always  burns  brightly.  The  fuel  bed  may  be  main- 
tained deeper  at  the  front  end  of  the  furnace  than  at  the  rear. 

2.  To  develop  150  boiler  horsepower  during  periods  when  there  is 
slight  deficiency  of  tan  burning.  Under  these  conditions  the  best 
operation  will  be  obtained  by  one  of  the  two  following  methods, 
depending  on  the  preparation  of  the  coal  required:  Reduce  or  stop 
the  firing  of  tan  in  the  two  front  holes  of  the  furnace  and  fire  coal  on 
the  portion  of  grate  surface  beneath  these  holes;  or  mix  a  very  light 
proportion  of  coal,  only  fine  coal  or  slack, 'in  the  tan,  obtaining  a  uni- 
form mixture,  then  fire  the  mixture  of  tan  and  coal  through  the 
firing  holes  in  the  top  of  the  furnace. 
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Figure  9.  Dasign  of  furnace  for  burning  tan,  with  an  auxiliary  coal  furnace:  a,  Tan-burning  furnace 
6,  stationary  tan-burning  grate;  c,  eyes  in  furnace  top  for  feeding  tan;  d,  coal-firing  doors;  e,  air  duct;  A  air 
inlet  pipes  with  dampers;  g,  auxiliary  coal  furnace;  ft,  shakmg  and  dumping  grate  for  coal;  i,  coal-firiag 
•doors  in  auxiliary  furnace. 
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3.  To  develop  150  boiler  horsepower  when  no  tan  is  available. 
Under  these  conditions  good  operation  can  be  obtained  by  closing 
the  entire  tan  furnace,  placing  the  covers  of  the  fire  holes  carefully 
in  position  and  covering  them  with  tanbark  to  prevent  leakage  of 
air  and  by  closing  all  firing,  cleaning,  and  ash  dooi-s  in  the  tan 
furnace.  If  coal  is  to  be  used  exclusively  for  any  length  of  time  the 
doors  should  be  plastered  up.  Then  fire  coal  in  the  coal-burning 
furnace,  first  removing  the  temporary  brick  from  the  fire  and  ash 
doors  of  the  coal  furnace. 

It  should  be  noted  especially  that  the  dampers  on  the  front  of 
the  tan  furnace  are  designed  for  two  purposes,  namely,  for  the  pro- 
tection of  the  furnace  arches  and  for  admitting  an  auxiliary  air 
supply  for  combustion.  The  best  setting  of  the  damper  openings 
must  be  determined  by  experiment  after  the  furnace  is  in  operation. 

GRATES. 

For  the  tan  furnace  a  set  of  stationary  tan-burning  grates  was 
installed,  with  the  grate  surface  fitting  the  projected  area  of  the 
furnace,  which  was  7  feet  wide  by  10  feet  6  inches  long,  with  suit- 
able allowance  for  expansion.  The  tan  grates  provided  approxi- 
mately 25  per  cent  air  space  or  draft  area,  and  the  actual  width  of 
the  air  spaces  was  34  inch. 

The  grates  for  the  coal  furnace  were  an  approved  make  of  shaking 
and  dumping  grates  suitable  for  soft  coal,  and  fitted  the  furnace  area, 
which  was  5  feet  by  6  feet,  with  suitable  allowance  for  expansion. 

The  air  spaces  between  the  arches  communicated  at  the  front  vnth 
a  3-inch  cavity  in  the  front  wall  of  the  furnace  and  with  dampers  on 
the  cast-iron  furnace-front  for  admitting  air.  The  air  thus  admitted 
passed  over  the  fire  arch  and  into  the  furnace  throat  through  a  space 
between  the  rear  end  of  the  furnace  arch  and  the  suspension  arch,  as 
shown. 

One  of  the  most  important  features  of  correct  furnace  design  is 
the  right  amount  of  grate  surf  ace,,  this  being  governed  cliiefly  by  the 
kind  of  fuel,  the  kind  of  firing,  and  the  intensity  of  draft,  and  by  the 
proportion  of  coal,  if  coal  is  used.  Some  idea  of  the  boiler  horse- 
power per  square  foot  of  gi-ate  with  natural  draft  may  be  obtained  by 
inspection  of  the  tables  below.  A  mild  forced  draft,  or  under-grate 
air  pressure,  will  increase  the  rate  of  combustion  and  also  the  result- 
ant boiler  horsepower  developed  per  square  foot  of  grate  surface. 
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Table  1. — Results  of  eight  tan-burning  tests. 


Test. 

Tan. 

Moisture, 
per  cent. 

Draft, 
inches. 

Heating  surface. 
Grate  surface. 

Firing  in- 
ter\-als, 
minutes. 

Boiler 
horse- 
power 

per 
square 

foot 

grate 

surface. 

1 

Oak 

53 

0.63 
.51 
.58 
.61 
.61 
.32 
.39 
.42 

29.0 
19.3 
29.0 
34.8 
17.4 
21.  S 
29.9 
22  7 

15.0 
8.0 
5.0 

2  35 

2 

2  07 

3 

Oak 

64 
64 
65 

2  37 

4 

do 

1.53 

50.8 
5.2 
7.4 

30  0 

92 

6 

.  ...do 

1  51 

do 

68 
64 

2  34 

8 

do 

97 

Table  2. — Results  of  burning  coal  with  tan  in  Dutch  ovens. 


Test. 

Tan. 

Grates. 

Tan 
moisture, 
per  cent. 

Uptake 
draft, 
inches. 

Heating  surface. 
Grate  surface. 

Firing  in- 
tervals, 
minutes. 

Weight  of 

coal  to 

weight  of 

tan  as 

fired. 

Boiler 
horse- 
power' 

per 

square 

foot  of 

grate 

surface. 

a 

b 

Hemlock. 
do 

Shaking 

Stationary'. . 
do 

68.0 
60.4 
66.7 
67.4 
66.5 

0.4 
.51 

.67 
.7 
1.05 

33.5 
28.1 
37.3 
29.4 
32.8 

20.0 

19.0 

6.3 

47.0 

Ito  8.9 
1  to  6. 1 
Ito  46.  4 
1  to  2.  9 
1  to  22.  8 

2.52 
2  53 

c 

do.... 

2  70 

da 

e 

Oak 

Hemlock. 

Shaking 

Stationary.. 

2.66 
1.33 

o  Tubular  boiler,  coal  fired  independently  in  front  doors  of  double-arched  tan  furnace.       The  47-minute 
interval  refers  to  the  tan  only. 

CHESTNUT-EXTRACT   CHIPS. 

Chestnut-extract  cliips  are  more  difficult  to  burn  than  tan,  for  they 
contain  less  heat  and  as  much  moisture.  These  cliips  have  been  men- 
tioned in  another  part  of  this  paper  and  form  one  of  those  waste  fuels 
recently  changed  from  a  semicombustible  to  an  autocombustible. 
The  tan  furnace  shown  in  Figure  6  was  successful  in  solving  this  par- 
ticular problem.  Chestnut-extract  chips  were  ordinarily  fed  to  com- 
mon tan  furnaces,  but  would  not  burn  without  the  application  of 
coal.  Large  quantities  of  this  extra  fuel  were  consumed,  and  at  some 
plants  it  was  mixed  or  dumped  into  the  same  furnace  with  the  chips. 
In  one  of  the  large  plants,  the  coal  supply  was  stopped;  after  condi- 
tions became  normal  an  evaporative  test  showed  that  the  combined 
efficiency  of  the  boiler  and  furnace  was  only  25  per  cent.  Even  wdth 
the  coal,  continuous  and  dense  smoke  was  produced.  The  furnace 
had  many  feed  holes  but  a  very  low  arch. 

At  other  plants  the  coal  was  burned  on  a  separate  grate  in  the  rear 
of  the  chip  furnace,  and  the  heat  thus  developed  ignited  the  cliips  and 
maintained  a  slow,  inefficient  combustion.  In  one  plant  eight  of  the 
automatic-stoker  tan  furnaces  mentioned  burned  these  chips  without 
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any  coal,  with  a  combustion  efficiency  that  produced  continuous  read- 
ings of  12  to  1-4  per  cent  CO,,  developed  no  smoke,  gave  more  than 
the  full  rating  of  boiler  horsepower,  and  showed  an  operating  sav- 
ing of  many  thousands  of  dollars  a  year  compared  with  a  duplicate 
plant  using  the  old-time  furnace  with  auxiliary  coal  grates.  These 
observations  emphasize  the  important  relation  of  scientific  furnace 
design  to  industrial  efficiency. 


Half  front  elevation  section. 
Figure  10. — Design  of  furnace  for  refuse  from  paper  mill  and  for  spent  chips:  a,  Inclined  grate;  d, ; 
«,  air-inlet  adjustable  damper;/,  firing  floor;  j,  ash-landing  floor. 

Ten  years  later  the  author  designed  a  waste-fuel  furnace  that  he 
regards  as  a  great  improvement  over  the  mechanical  stoker  just 
described,  inasmuch  as  the  automatic  stoking  feature  is  preserved 
and  the  attendant  mechanism  is  eliminated.  Several  furnaces  of 
this  newer  design  were  installed  in  a  large  paper  mill  in  the  South, 
and  made  possible  an  annual  saving  of  $50,000  worth  of  coal,  which 
had  previously  been  required  to  bum  the  refuse  from  the  mill.  No 
coal  was  needed  in  the  new  furnaces,  illustrated  in  Figure  10. 

The  refuse  consisted  usually  of  50  per  cent  of  extracted  chestnut 
chips  containing  about  65  per  cent  of  moisture  and  50  per  cent  of 
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refuse  from  the  paper  mill,  although  these  proportions  varied  widely 
with  mill  operations.  The  furnaces  operated  efficiently  with  any 
mixture  of  these  fuels  or  with  either  fuel  separately.  The  refuse 
consisted  of  chips,  shavings,  and  strips  of  bark  resulting  from  a 
preparation  of  the  wood  for  making  paper,  and  it  contained  consider- 
able moisture. 

The  heating  values  were  as  follows : 

Heating 

value  Available 

per  dry  heat  as 

pound,  fired, 

B.  t.  u.  B.  t.  u. 

Spent  chestnut-extract  chips 8, 137         2,364 

Paper-mill  refuse  and  extract  chips 8,629         2,823 

A  complete  boiler  test  of  the  old  furnaces  burning  coal  with  the 
waste  fuel  gave  an  efficiency  of  40.2  per  cent;  without  coal  the  effi- 
ciency was  estimated  as  about  25  per  cent.  The  new  furnace, 
tested  by  the  owners,  gave  52.6  per  cent  to  64  per  cent  efficiency,  as 
shown  in  the  tests  herewith  recorded,  and  without  any  coal  whatever. 

As  the  temperatures  obtained  with  this  furnace  were  high,  it 
became  necessary  to  pay  careful  attention  to  keeping  the  grate  free 
from  accumulations  of  ash,  in  order  to  prevent  fusion  and  clinkering. 
Tests  of  these  furnaces  by  the  owners  gave  the  results  shown  below: 

8-hour  Ust  of  No.  6  extract  Dutch-oven  furnace  {Myers)  with  forced  draft  {Coppu^  blower) 
burning  a  mixture  of  chestnut  chips  and  paper-mill  refuse. 

OCTOBER  26,  1916. 

DATA   TAKEN. 

Steam  pressure  by  gage,  pounds 28 

Temperature  of  feed  water,  °F 187 

Temperature  of  flue  gas,  °F 652 

CO2  in  flue  gases,  per  cent 14.  27 

TOTAL   QUANTITIES. 

Weight  of  spent  chips  and  shavings  as  fired,  pounds 21,  900 

Moisture  content,  per  cent 58.  33 

Weight  of  dry  spent  chips  and  shavings,  pounds 9, 126 

Total  weight  of  water  fed,  pounds 32, 139 

Total  equivalent  evaporation,  pounds 33, 585 

HOURLY   QUANTITISS. 

Dry  chips  and  shavings  per  hour,  pounds 1, 140.  7 

Dry  chips  and  shavings  per  square  foot  of  grate  surface  per  hour,  pounds. .  25.  3 

Water  fed  per  hour,  pounds 4, 017. 4 

Equivalent  evaporation  per  hour,  pounds 4, 198. 1 

Equivalent  evaporation  per  hour  per  square  foot  of  water  heating  surface, 

pounds 4. 1 

CAPACITY. 

Boiler  horsepower  developed 121.  6 

Rated  boiler  horsepower 100 

Percentage  of  rated  capacity  developed 121.  6 
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S-hour  test  of  No.  6  extract  Dutch-oven  furnace  (Myers)  irith  forced  draft  (Coppus  blcuer) 
burning  a  mixture  of  chestnut  chips  and  paper-mill  refuse — Continued. 

ECONOMIC   RESULTS. 

Water  fed  per  pound  of  fuel  a.s  fired,  pounds 1.  467 

Water  fed  per  pound  of  dry  fuel ,  pounds 3.  52 

Equivalent  evaporation  from  and  at  212°  F.  per  pound  of  fuel  as  fired, 

pounds L  53 

Equivalent  evaporation  from  and  at  212°  F.  perpoundof  dry  fuel,  pounds.  3.  68 

Dry  fuel  per  boiler  horsepower,  pounds 9.  39 

EFFICIENCY. 

Heating  value  of  1  pound  of  fuel  as  fired,  B.  t.  u 3,  595.  7 

Heating  value  of  1  pound  of  dry  fuel,  B.  t.  u 8,  629 

Available  heat  in  1  pound  of  fuel,  as  fired,  B.  t.  u 2,  823 

Efiiciency  of  boiler  furnace  and  grate,  per  cent 52.  6 

S-houT  test  of  No.  6  extract  Dutch-oven  furnace  { Myers)  with  f meed  draft,  Coppus  blower, 

using  chestnut  chips  only. 

OCTOBER  29,  1916. 

D.\T.\  T.\KEN. 

Steam  pressure  by  gage,  pounds 28 

Temperature  of  feed  water,  °F 175 

Temperature  of  flue  gas,  °F 497.  6 

CO2  in  flue  gas,  per  cent 9.  84 

Draft  over  fire,  inches  of  water .29 

Draft  in  stack,  inches  of  water .40 

TOTAL    tJl'ANTITIES. 

Weight  of  spent  chips  as  fired,  pounds 14,  717 

Moisture  content,  per  cent 61.5 

Weight  of  dry  spent  chips,  pounds 5,  666.  1 

Total  weight  of  water  fed,  pounds 21,  794 

Total  equivalent  evaporation,  pounds 23,  056 

HOURLY   QUANTITIES. 

Dry  chijM  per  hour,  pounds 708.  3 

Dry  chips  per  square  foot  of  grate  surface  per  hour,  pounds 15.  7 

Water  fed  per  hour,  pounds 2,  724.  2 

Equivalent  evaporation  per  hour,  pounds 2,  882 

Equivalent  evaporation  per  hour  per  square  foot  of  water  heating  surface, 

pounds 2.  81 

C.\P.VCITY. 

Boiler  horsepower  developed 83.  54 

Rated  boiler  horsepower 100 

Percentage  of  rated  capacity 83.  54 

ECONOMIC    RESULTS. 

Water  fed  per  pound  of  chips  as  fired,  pounds 1.  48 

Water  fed  per  pound  of  dry  chips,  pounds 3.  84 

Equivalent  evaporation  per  pound  of  chips  as  fired,  pounds 1.  56 

Equivalent  evaporation  per  pound  of  dry  chips,  pounds 4. 07 

Dry  chips  per  boiler  horsepower,  pounds 8.  47 

EFFICIENCY. 

Heating  value  of  1  pound  of  chips  as  fired,  B.  t.  u 3, 132.  7 

Heating  value  of  1  pound  of  dry  chips,  B.  t.  u 8,  137 

Availal)le  heat  in  1  pound  of  chips  as  fired,  B.  t.  u 2,  364.  4 

Efficiency  of  boiler,  furnace  and  grate,  per  cent 64 

Note.— Ran  on  natural  draft  from  3  p.  m.  to  3.30  p.  m. 
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Special  features  of  this  design  were  as  follows : 

1.  The  method  of  feeding  the  fuel  and  the  construction  adapted 
preclude  the  possibility  of  killing  the  fire  by  overcharging  the  grate, 
thus  positively  avoiding  the  wasteful  "feast"  conditions.  The 
'^ famine"  conditions  of  too  thin  fires  would  not  occur  if  the  large  feed 
chutes  above  the  front  end  of  the  grate  were  kept  supplied,  the  angle 
of  the  grate  having  been  experimentally  determined  in  such  manner 
as  to  cause  the  fuel  to  feed  downward  as  rapidly  as  consumed.  This 
arrangement  avoided  air  holes  on  bare  parts  of  the  grate. 

2.  The  lower  end  of  the  grate  rests  on  a  shimmed  bearing  plate, 
and  as  the  upper  end  is  provided  with  a  hinged  bearing,  the  angle  can 
be  altered  several  degrees  by  changing  the  shims,  if  this  proves 
necessary  with  changes  in  the  fuel. 

3.  The  auxiliary  au'  supply  enters  through  adjustable  dampers  in 
the  furnace  front,  is  heated  in  passing  between  the  fire  arch  and  the 
supporting  roof  of  the  furnace,  and  enters  the  combustion  zone  where 
the  arrangement  of  the  suspension  arches  compels  mixing  the  gases. 

4.  The  furnace  is  of  "landlocked"  design;  that  is,  a  straight  line 
can  not  be  drawn  from  any  point  in  the  burning  fuel  or  gases  in  the 
fm^nace  without  striking  a  hot-brick  surface.  This  feature  procures 
and  maintains  the  high  furnace  temperature  so  desnable  for  waste 
fuels. 

5.  A  fan  blower  was  used  to  overcome  the  resistance  to  the  flow  of 
air  through  the  grate  and  fuel  bed,  thus  increasing  the  rate  of  com- 
bustion and  reducing  the  size  of  the  grate  and  the  furnace. 

6.  Sawdust  grates  of  special  design  were  employed  which  had  a 
dumping  section  at  the  lower  end  for  disposal  of  the  ash.  A  dead 
plate  at  the  upper  end  served  to  dry  the  fuel  partly  before  admitting 
air  through  it. 

LICORICE    CHIPS. 

Extracted  or  spent  licorice-root  chips  are  similar  in  general  com- 
position to  chestnut  chips.  The  writer  examined  a  furnace  that  was 
very  successful  in  burning  them  at  high  efficiency.  It  was  built  along 
the  general  lines  of  an  Argand  burner.  The  fuel  was  fed  mto  a 
Dutch  oven  in  a  heavy  bed  wherein  enough  heat  was  maintained  to 
gasify  the  chips.  The  resultant  gases  flowed  through  the  furnace 
throat  into  a  cylindrical  combustion  chamber,  in  whose  center  was  a 
hollow  checkerwork  of  brick  through  which  a  preheated  air  supply 
entered  and  mixed  with  the  fuel  gases.  The  brick  checkerwork  of  the 
Argand  burner  with  the  combustion-chamber  walls  maintained  a  high 
temperature,  thus  promoting  the  ignition  and  combustion  of  the 
gases,  which  were  well  mixed  with  the  preheated  air  supply  by  means 
of  the  Argand  feature. 
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BAGASSE,    COKE    BREEZE,    AND    CITY    REFUSE. 

Bagasse  is  the  by-product  fuel  resulting  from  the  manufacture  of 
cane  sugar.  The  juice  from  the  ripe  cane  is  extracted  by  crushing 
in  powerful  mills.  The  remaining  fibrous  material,  knoAvn  as  bagasse, 
is  conveyed  to  the  boiler  house,  where  it  is  fired  in  special  furnaces 
and  is  made  to  produce  all  or  part  of  the  steam  required  to  operate 
the  plant.  The  fuel  is  in  the  form  of  strips  3  to  8  inches  long,  but 
much  longer  pieces  may  sometimes  come  through  the  mills. 

In  regard  to  the  heating  value  of  bagasse.  Dr.  Sherman  tested  a 
Cuban  sample  imported,  by  the  author,  in  an  ah-tight  can  (to  retain 
the  moisture).  This  sample  showed  B.  t.  u.  per  dry  pound,  8,324; 
moisture,  57.9  per  cent. 

If  such  bagasse  were  burned  under  a  boiler  giving  flue  temperature 
of  594°  F.,  the  heat  per  pound  of  fuel,  weighed  as  fired,  available  for 
steam  purposes  would  be  ([100  per  cent  —57.9  per  cent]  8,234)  —  57.9 
per  cent  ([212 -62] +  970 +  0.48  [594-212])  =2,750  B.  t.  u. 

The  following  observations,  from  the  author's  discussion  at  the 
1920  annual  meeting  of  the  American  Society  of  IVIechanical  Engi- 
neers, relate  particularly  to  the  author's  investigation  of  one  of  the 
largest  sugar  mills  in  the  eastern  part  of  Cuba  near  Manzanillo  Bay. 
This  mill  has  a  capacity  of  3,750  tons  of  cane  per  24  hours.  In  that 
part  of  Cuba  the  fiber  content  of  the  cane  is  only  about  10  per 
cent.  In  some  other  parts  it  is  as  high  as  12  per  cent,  thus  givmg 
a  bagasse  of  greater  heating  value  and  reducing  the  mill  require- 
ments for  steam  because  less  juice  is  extracted.  Consequently  the 
mill  handlmg  cane  of  the  higher  fiber  content  has  a  great  advan- 
tage in  respect  to  economy  in  the  use  of  auxiliary  fuel.  In  Cuba 
in  a  perfectly  designed  and  properly  balanced  sugar  mill — that  is, 
one  in  which  the  exhaust  steam  produced  is  no  greater  than  the 
demand  for  it,  and  all  the  condensation  from  modern  multiple- 
effect  evaporators  is  returned  to  the  boilers — the  by-product  bagasse 
suffices  to  supply  all  the  steam  when  all  departments  of  the  plant 
are  workhig  in  harmony.  But  in  mills — and  they  are  numerous — 
where  these  conditions  do  not  obtain,  auxiliary  fuel  in  the  form  of 
wood,  oil,  or  coal  must  be  burned.  Wood  is  the  most  common 
auxiliary  fuel  in  Cuba  and  is  the  cheapest  in  cost  per  million  British 
thermal  units,  although  the  labor  required  for  its  use  is  gi'eater  than 
for  oil  or  coal. 

There  is  no  trouble  whatever  in  obtahiing  excellent  combustion 
with  bagasse,  even  with  crude  methods  and  furnaces.  When  the 
supply  of  bagasse  was  regular  and  there  was  no  wood  m  the  furnaces, 
the  CO2  content  of  the  flue  gases  ranged  from  10  to  over  17  per  cent. 
When  wood  was  fired  with  the  bagasse,  especially  by  some  of  the 
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methods  commonly  employed,  the  furnace  efficiency  was  imme- 
diately reduced  to  a  degree  indicated  by  a  COj  of  3  to  6  per  cent. 

By  changing  the  method  of  firing  the  wood  and  by  certain  altera- 
tions in  the  furnace,  a  great  improvement  was  obtained  both  in 
more  nearly  uniform  steam  pressure  and  in  a  substantial  reduction 
of  the  amount  of  auxiliary  fuel  required. 

To  the  mill  owner  the  cost  of  the  auxiliary  wood  fuel,  formerly 
about  $300  a  day,  was  a  matter  of  secondary  importance.  But  the 
difficulty  in  maintaining  uniform  working  steam  pressure  was  vital, 
since  the  inability  to  maintain  steam  pressure  was  reducing  the 
normal  capacity  of  the  mill  by  an  amount  of  grinding  equivalent  to 
$500,000  a  year  in  value  of  output  of  sugar.  Stated  briefly,  the 
causes  of  the  loss  from  inability  to  keep  up  steam  pressure  were 
as  follows: 

1.  Irregularity  in  feeding  the  furnaces,  due  largely  to  ignorant 
labor  without  proper  supervision.  When  such  supervision  was 
adopted   a  large  improvement  was  effected  immediately. 

2.  Wrong  method  of  firing  wood  with  furnaces  ill  adapted  to  the 
purpose.  Correcting  the  method  of  firing  and  improving  the  fur- 
nace gave  a  still  higher  steam  pressure  and  substantially  reduced  the 
auxiliary  fuel  required. 

3.  Draft  regulation  was  entirely  wrong.  A  plan  was  prepared 
for  convenient  regulation  by  uptake  dampers  to  control  fires  and 
steam  production. 

4.  Grate  surfaces  with  natural  draft  burned  300  pounds  bagasse 
per  square  foot  per  hour  when  clean  after  the  Sunday  shutdown,  but 
clinker  on  the  furnace  walls  grew  so  rapidly  that  by  the  middle  of  the 
week  the  grate  area  became  restricted  enough  to  reduce  the  capacity 
of  the  boilers  seriously.  This  reduction  in  boiler  capacity  formed  a 
chief  factor  in  the  inability  to  hold  steam.  A  new  furnace  designed 
and  installed  by  the  author  corrected  the  trouble  by  using  a  larger 
grate  surface.  Ability  to  obtain  boiler  capacity  at  all  times  resulted 
from  the  change. 

5.  Owing  to  the  surplus  of  exhaust  steam  and  to  other  features 
of  the  design  and  operation  of  the  whole  mill,  enough  condensation 
was  not  available  for  boiler  feed  and  the  supply  had  to  be  supple- 
mented by  raw  water  from  wells.  Analysis  showed  this  water  to  be 
the  most  detrmiental  for  boiler  feed  that  the  author  had  ever  found. 
The  boilers  as  a  consequence  were  covered  with  heavy  scale,  were 
pitted  badly,  and  were  constantly  springing  leaks.  The  efiPect  on 
fuel  economy  and  steam  production  need  hardly  be  described. 

The  remed}^  recommended,  adopted,  and  installed  was  a  lime-soda 
process  of  purification,  filtration,  and  storage  for  the  raw  water. 
Other  changes  recommended  are  being  installed,   and  there  is  no 
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doubt  that  when  tho  improvements  are  all  in  effect  the  annual  saving 
accomplished  will  be  about  half  a  million  dollars. 

In  further  regard  to  the  combustion  of  bagasse  one  highly  impor- 
tant point  that  is  likely  to  be  overlooked,  unless  the  combustion 
engineer  is  familiar  with  the  operation  of  sugar  mills,  is  that  there 
is  no  storage  supply  of  fuel  at  the  furnaces  available  for  instant  use 
when  occasion  demands.  At  a  coal-burning  plant  when  the  boiler 
pressure  begins  to  drop  rapidly  the  natural  method  of  correction 
employed  is  at  once  to  feed  more  fuel  and  to  supply  more  air  to  the 
furnace. 

This  method  is  not  applicable  to  the  usual  design  of  equipment  in 
a  sugar-mill  boiler  house.  The  bagasse  carriers  keep  an  approxi- 
matel\^  uniform  stream  of  fuel  moving  along  over  the  furnace  tops 
as  the  mills  supply  it,  and  it  is  fed  from  the  carriers  through  adjustable 
gates  and  feeders  directly  to  the  furnaces.  Any  surplus  bagasse 
travels  to  the  end  of  the  conveyor,  where  it  falls  in  a  pile  on  the 
ground.  This  pile  forms  the  only  available  storage  of  fuel.  Conse- 
quently when  a  shortage  occurs  or  when  additional  steam  is  quickly 
drawn  from  the  boilers,  there  is  no  adequate  method  of  meeting  the 
emergency.  The  result  is  apt  to  be  a  serious  drop  in  steam  pressure, 
causing  longer  cut-off  of  mill  engines  and  a  further  increase  in  the 
demand  for  steam.  The  excessive  time  required  to  pitch  bagasse 
from  the  surplus  pile  into  the  conveyors  added  to  the  time  consumed 
in  the  travel  of  the  bagasse  to  the  furnaces  renders  this  method  of 
storage  of  little  avail.  Therefore,  unless  auxiliary  fuel,  such  as  oil 
or  coal,  is  fired  immediately  as  the  steam  pressure  begins  to  fall,  the 
effect  is  so  bad  that  at  times  it  becomes  necessary  to  shut  down  the 
mills  in  order  to  raise  steam  to  working  pressure. 

This  problem  can  not  be  solved  by  drying  the  bagasse,  which  has 
been  proposed,  as  that  step  necessitates  a  complication  of  the  plant 
not  desirable  under  the  difficult  conditions  of  the  labor  available  in 
Cuba. 

In  fact  the  burning  of  bagasse  can  not  be  cohsidered  merely  as  a 
combustion  problem,  although  of  course  that  phase  forms  an  im- 
portant factor.  In  an  efficiently  operated  sugar  mQl  other  factors 
are  more  important.  Some  of  those  have  been  mentioned.  They 
include  considerations  relating  particularly  to  the  proper  design  and 
operation  of  the  whole  mill.  If  there  is  trouble  and  delay  at  the 
mills,  the  bagasse  supply  is  interrupted  and  the  best  design  of  furnace 
is  of  no  avail;  unless  intelligent  supervision  of  the  regulation  of 
bagasse  feeding  and  of  dampers  and  cleaning  of  fires  is  provided, 
well-designed  boiler  and  furnace  equipment  helps  but  little;  if  there 
is  a  shutdown  at  the  evaporators,  the  mills  and  therefore  the  bagasse 
and  the  boiler  plant  arc  badly  affected. 
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The  matter  of  boiler  efficiency  in  a  sugar  mill  is  inflexibly  connected 
with  and  affected  by  the  operation  of  the  production  functions  of 
the  entire  mill.  Consequently  an  efficient  boiler  plant  becomes  largely 
a  by-product  of  conditions  relating  to  the  general  management  of  the 
mill  and  the  harmonizing  and  correlating  of  its  functions.  Such 
very  large  savings  can  be  accomplished  in  these  ways,  given  a  well- 
designed  boiler  plant,  that  such  an  apparatus  as  a  bagasse  dryer 
would  not  generally  be  regarded  with  favor  by  plant  owners,  unless 
its  installation  and  operation  could  be  effected  at  low  cost  and  unless 
its  design  could  be  such  as  to  require  little  or  no  attention,  and  be 
virtually  foolproof. 


Figure  13.— Plans  and  sections  of  Myers  bagasse  furnace. 

Following  is  a  brief  discussion  of  the  available  heating  value  of 
Cuban  bagasse,  with  data  on  the  rate  of  combustion  and  the  weight 
of  bagasse  per  boiler  horsepower  per  hour,  selected  from  the  author's 
report  on  the  plant  mentioned,  on  which  many  tests  of  combustion 
and  evaporation  were  made. 

Figure  13  shows  the  furnaces  that  the  author  designed.  They  proved 
efficient  and  satisfactory  and  at  the  same  time  simple  and  inexpen- 
sive to  construct.  They  were  made  with  larger  grate  surface  than 
the  furnaces  which  they  displaced,  thus  permitting  the  development 
of  high  ratings  on  the  boilers  even  at  the  end  of  the  week  when  the 
accumulations  of  clinkers  reduced  the  effective  grate  area  to  the 
area  of  the  former  furnaces  when  clean.  This  measure  was  a  simple 
one,  but  it  produced  valuable  results.  During  the  early  part  of  the 
week  excessive  rates  of  combustion  on  the  relatively  large  grate 
surface  could  be  prevented  by  the  uptake  dampers. 
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The  second  feature,  that  of  greater  combustion  space,  was  gained 
by  widening  the  horizontal  cross  section  of  the  furnace,  beginning 
at  a  phine  a  short  distance  above  the  grates  as  shown. 

The  auxiUary  air  supply  through  the  front  furnace-wail  and  be- 
tween the  fire  arch  and  the  top  arch  of  the  furnace  is  of  especial 
value  in  burning  btigasse.  Furthermore,  this  construction  provides 
for  necessary  expansion  of  tlie  fire  arch  longitudinally. 

COMBUSTION    CONDITIONS    I.V    THE    PLANT. 

Wlien  the  CO,  content  (^f  the  flue  gases  ran  above  16  per  cent, 
considerable  amounts  of  CO  were  usually  found.  In  one  test  for 
which  a  heat  balance  was  computed,  the  CO  produced  a  loss  equal 
to  about  12  per  cent  of  the  available  heat  in  the  bagasse  as  fired. 

The  corresponding  analysis  of  flue  gas  was:  CO,,  14  per  cent;  Oj, 
3.5  per  cent,  and  CO,  3.7  per  cent.  This  analysis  represented  an 
average  run  of  three  and  one-half  hours. 

The  extent  to  which  the  CO,  content  could  be  raised  without  for- 
mation of  CO  depended  on  the  design  of  the  furnace,  larger  combus- 
tion chambers  making  possible  the  higher  CO2  without  loss  due  to 
CO.  With  some  of  the  settings  tested,  15  per  cent  COj  could  be 
maintained  with  but  an  occasional  trace  of  CO. 

Fuel  value  0/ bagasse  and  boiler  horsepower  obtainable. 

Assume  that  the  mill  grinds  300,000  arrobas  of  cane  a  day  with  75  per  cent  extraction, 
giving  75,000  arrobas  (an  arroba=25  pounds)  of  bagasse  a  day. 

Bagasse  per  hour,  3,120  arrobas=78, 000  pounds  per  hour=39  tons  of  2,000  pounds  each. 
Available  heating  value  of  bagasse  calculated  for  this  plant,  per  pound  as 

fired,  B.  t.  u 3,  800 

B.t.u.  per  boiler  horsepower  hour  (34JX970.4) 33,479 

B.  t.  u.  to  generate  a  boiler  horsepower-hour  at  60  per  cent  efficiency 55,  798 

(55  798\ 
'    \       1,    pounds.       14. 7 
O,o00  / 

Bagasse  available  per  hour  when  grinding  300,000  arrobas  of  cane  a  day,  pounds.  78, 000 
Boiler  horsepower  from  bagasse  when  grinding  300,000  arrobas  of  cane  a  day, 

78,000 

-yfy O.310 

Boiler  horsepower  from  bagasse  when  grinding  250,000  arrobas  of  cane  a  day 4, 430 

Boiler  horsepower  from  bagasse  when  grinding  200,000  arrobas  of  cane  a  day ....     3,  533 

When  bagasse  is  burned  at  high  rates  of  combustion  (200  to  300 
pounds  per  square  foot  of  grate  surface  per  hour) ,  the  time  required 
for  complete  combustion  is  so  lengthened  that  extra-large  combus- 
tion chambers  must  be  used  in  order  to  obtain  liighCOj  without  CO. 
Owing  to  the  large  volatile  content  of  this  fuel,  combustion  is  com- 
plete at  a  point  much  later  in  the  travel  of  the  gases  than  when  coal 
is  burned  under  equally  favorable  conditions. 

With  horizontal  tubular  boilers,  therefore,  the  combustion  under 
forced  conditions  often  will  not  be  completed  until  the  gases  enter  the 
tubes  in  the  rear  end.  In  consequence,  the  gases  in  the  rear  com- 
bustion chamber  have  a  relatively  high  temperature,  thus  rendering 
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a  large  tube  surface  especially  useful  for  absorbing  as  much  as  possi- 
ble of  the  remaming  heat. 

The  rapid  filling  up  of  combustion  chambers  bj  deposits  of  ash 
that  fuse  to  hard  clinker  forms  an  added  reason  for  providing  very- 
large  combustion  spaces  in  designing  the  furnace  and  setting.  A 
vertical-pass  water-tube  boiler  should  be  set  high  enough  and  with 
such  arrangement  of  arches  and  baffles  as  to  complete  the  combustion 
before  the  gases  enter  the  spaces  between  the  tubes. 

The  detrimental  clinkermg  of  the  furnace  walls  can  undoubtedly 
be  reduced  or  eliminated  by  admitting  air  through  the  side  walls  of 
the  furnace  in  much  the  manner  as  in  modern  high-temperatm-e 
stoker  furnaces.  In  the  Babcock  &  Wilcox  furnace  illustrated  here- 
with the  entu'e  air  supply  enters  through  tuyeres  m  the  furnace  walls. 

There  are  two  standard  types  of  feeders  for  bagasse  furnaces. 
The  more  nearly  satisfactory  of  the  two  is  the  feed  hopper  with 
weighted  flap  as  shown  on  the  furnaces  in  Figures  13  and  14.  The 
fuel  flows  into  this  hopper  from  the  conveyor  chute  and  when  enough 
has  accmnulated,  the  counterweight  is  overbalanced  and  the  fuel  on 
the  flap  is  dumped  into  the  furnace,  the  flap  then  returning  to  the 
closed  position.  The  other  type  comprises  a  hopper  with  a  pair  of 
mechanically  driven  rolls  that  continuously  feed  the  bagasse  down- 
ward mto  the  furnace  as  long  as  they  are  kept  supplied.  In  either 
type  the  regulation  of  the  fuel  supply  is  efi'ected  only  by  a  slide  or 
gate  device  in  the  chute  from  the  bagasse  conveyor,  and  very  careful 
attendance  on  this  gate  is  essential  to  good  combustion. 

The  weighted  flap  type  of  feeder  is  less  likely  to  get  out  of  repair 
and  it  has  the  decided  advantage  of  permitting  the  firemen  to  open 
the  flap  to  inspect  the  fire. 

The  heating  value  of  the  bagasse  was  computed  in  two  ways,  first 
by  formula  and  second  by  an  assumption  of  dry  heat  value  (which 
the  author  had  confirmed  by  bomb  calorimeter  tests)  and  by  calcu- 
lating the  heat-moisture  loss.     The  results  agree  within  2  per  cent. 

Both  computations  foUow. 

Method  I. — Calculation  from  this  mill's  analysis  of  February  19, 
1917,  with  Babcock  &  Wilcox  formula  assuming,  according  to  Noell 

Doerr,  that  G=  tt;  of  S. 

Fox-mula:  8550F+7119S-h6750G-972W^^   ^  ^ 

Analysis  from  laboratory:  Percent. 

W=H20 47.  05 

F=Fiber 44.  55 

S=Sucrose 6.  81 

1                                                                                                                        98.41 
G=:r^S  glucose  assumed 68 

Total 99.09 

Other  gums  and  substances  not  shown  by  analysis. 

381000+48400-^4580-45700     ^„„„  ^    ,  ,  , 

—  ' =3882  B.  t.  u.  per  pound  bagasse. 
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Method  J/.— Assume  8,300  B.  t.  u.  per  dry  pound  ("  Steam, "  B  &  W),  and  47  per  cent 

moisture.     Total  heat  0.47X8,300=4,399  pounds  as  fired,  with  flue  temperature=512° 

and  temperature  bagasse=82°F.     Heat  to  evaporate  moisture — 

B.  t.  u. 

0.47  ([212-82]  +970+0.48  [512-212]) 585 

Total  heat  in  pounds  as  fired 4, 399 

To  evapi  >rate  moisture 585 

Available  heat  per  pound  as  lired 3,  814 

This  checks  to  w-ithin  2  per  cent  of  the  above  value. 
.\vailal)le  heat  per  pound  of  combustible  - 

100-(0  47+0  01)"''^'''^"  ^^-  *■  "■     '•^■'^'^  assumed  at  2  per  cent.) 

E.  W.  Kerr,"^  who  has  made  a  study  of  bagasse  burning  indifferent 
styles  of  furnaces,  is  quoted  from  a  bulletin  of  the  Louisiana  Agri- 
cultural Experiment  Station  as  follows : 

An  equivalent  evaporation  of  2\  pounds  of  steam  from  and  at  212°  was  obtained  from 
1  pound  of  wet  bagasse  of  a  net  calorific  value  of  3,256  B.  t.  u.  This  net  value  is  that 
calculated  from  the  analysis  by  Dulong's  formula,  minus  the  heat  required  to  evaporate 
the  moisture  and  to  heat  the  vapor  to  the  temperature  of  the  escaping  flue  gases,  594°  F. 
The  approximate  composition  of  bagasse  of  75  per  cent  extraction  is  given  as  51  per 
cent  free  moisture  and  28  per  cent  of  water  combined  with  21  per  cent  of  carbon  in  the 
fiber  and  sugar.  *  *  *  For  the  best  results  bagasse  should  be  burned  at  a  high 
rate  of  combustion,  at  least  100  pounds  per  square  foot  of  grate  per  hour. 

For  obtaining  rapid  combustion  mechanical  draft  is  used  in  many 
plants,  the  air  being  admitted  to  the  fuel  from  under  the  grates  and 
also  through  tu^^eres  in  the  furnace  walls.  In  some  furnaces  the  fuel 
rests  on  a  fire-brick  floor,  and  the  air  is  supplied  by  mechanical  draft 
through  tuyeres  in  the  furnace  walls.  This  system  materially  reduces 
the  formation  of  clinker  on  the  furnace  walls. 

A  Babcock  &  Wilcox  bagasse  furnace  without  grates  is  shown  in 
Figures  15  and  16  in  connection  with  Babcock  &  Wilcox  boilers. 
Features  to  be  noted  as  conducive  to  efficiency  are:  (1)  The  very 
large  combustion  chambers  provided  for  retaining  the  gases  in  a  high 
temperature  to  afford  time  enough  for  combustion  before  cooling  by 
contact  wnth  the  boiler  tubes.  (Combustion  chambers  for  bagasse  are 
made  larger  than  for  any  of  the  waste  fuels  previously  mentioned.) 
(2)  The  well-designed  baffle  walls  for  mixing  the  gases  with  the  oxygen 
and  for  retaining  a  high  temperature.  (3)  The  automatic  feed 
hoppers  which  by  means  of  engine  or  motor  driven  rolls  stoke  the 
bagasse  through  the  furnace  roof,  whence  it  falls  on  the  furnace  floor. 
Test  results  furnished  by  the  Babcock  &  Wilcox  Co.  on  a  furnace  using 
both  grates  and  tuyeres  are  given  below. 

With  this  fuel,  also,  the  the  same  difficulty  in  operation  arises  that 
has  been  mentioned  in  connection  with  other  waste  fuels — that  is, 
the  fuel  on  the  grate  forms  cones  and  uniform  distribution  of  the 

5  Kerr,  E.  W.  Experimental  study  of  bagasse  and  bagasse  furnaces:  Louisiana  Agric.  Expt.  Station 
BuU.  ni,  pp.  1-106. 
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Half  Section  D-D 


Half  Section  f'F      Half  Front  Elevation 


Figure  14. — Details  of  Myers  bagasse  furnace:  a  Grate;  6,  feeding  hopper;  c,  air  duct;  i,  air  inlet  with 
regulators;  e,  forced-draft  inlet. 


EFFICIENT  BURK"ING   OF  LOW-GRADE   OR  WASTE   FUELS. 


41 


42 


ECONOMIC   COMBUSTION   OF   WASTE   FUELS, 


draft  through  the  fuel  is  prevented.  Furthermore,  the  ''feast  and 
famme"  condition  is  very  hard  to  overcome  in  the  average  sugar-mill 
boiler  room.     A  little  inattention  by  the  firemen  results  in  the  furnaces 


becoming  so  full  of  bagasse  that  the  fires  become  choked  and  cooled. 
Then  the  feast  condition  prevails. 

The  famine  occurs  when  the  fuel  is  not  fed  fast  enough  and  the 
grates  blow  bare  in  spots  around  the  edges  of  the  heap  of  fuel  and  the 
furnaces  are  chilled  again  by  the  excessive  amoimt  of  cold  air  thus 
admitted. 
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The  principal  values  given  in  the  test  record  mentioned  are  as 
follows : 

DalaJ'rom  steaming  test. 

Duration  of  test,  hours 6 

Heating  surface,  square  feet 5, 750 

Grate  area,  square  feet 160 

Kind  of  fuel ^ liagasse. 

Moisture  content,  per  cent 42.  21 

Equivalent  vrater  actually  evaporated  from  and  at  212°  F. ,  pounds 165,  682 

KCONOMIC    RESULTS. 

"Water  evaporated  per  pound  of  bagasse  from  and  at  212°  F. ,  pounds 2.  46 

Water  evaporated  per  pound  of  dry  bagasse  from  and  at  212°  F.,  pounds. . .  4.  41 

Water  evaporated  per  pound  of  combustible  from  and  at  212°  F.,  pounds.. .  4.  50 

HATK    <JK    COMBISTID.V. 

Fuel  actually  burned  per  square  foot  of  grate  per  hour,  pounds 70.  2 

Dry  fuel  actually  burned  per  square  foot  of  grate  per  hour,  pounds 39.  1 

HORSEPOWER. 

Builders  rating  in  horsepower 500 

Percentage  developed  above  rating 60 

Figure  12  illustrates  a  bagasse  furnace  of  the  author's  that  has 
been  designed  with  a  view  to  reducing  these  common  troubles  as  far  as 


FiGTTRE  17.— Orate  bars  for  Mvers  furnace. 


possible.  Two  flat  fuel  beds  are  provided  on  the  V-shaped  grates, 
thus  eliminating  the  feast  difficulty,  the  feed  hoppers  being  at  the 
sides  instead  of  the  center  of  the  grate.  The  grate  bars  are  of  the 
type  shown  in  Figure  17,  which  produce  the  opposed  blowpipe  effect 
of  draft  and  jflame,  and  the  fuel  falls  from  the  side  hoppers  upon  dead 
plates  for  drying,  and  gradually  feeds  over  the  grate  surfaces  as  com- 
bustion takes  place.  The  "feast"  condition  is  more  difficult  to 
obtain  with  this  arrangement,  as  it  would  be  impossible  to  have  a 
heap  of  bagasse  rising  to  the  top  of  the  furnace  arch,  and  with  the 
fastest  rate  of  feeding  possible  there  would  always  be  a  V-shaped 
combustion  space  directly  over  the  fuel  bed.  The  "famine"  condi- 
tion may  occur  with  any  possible  design  if  the  fuel  supply  is  reduced 
below  the  rate  of  combustion,  and  some  attention  is  essential  for 
obtaining  even  fair  results. 
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As  bagasse  forms  a  heavy  and  troublesome  clinker,  a  heavy  shaking 
grate  is  provided  at  the  bottom  of  the  V  grate  to  reduce  the  labor 
and  the  loss  of  heat  in  hand  clinkering.  Improvement  is  much 
needed  in  the  design  and  in  the  control  of  furnaces  in  many  plants 
burning  bagasse;  these  two  factors  often  make  the  difference  between 
running  the  boiler  plant  on  very  little  or  no  purchased  fuel  and  of 
spending  large  sums  annually  for  coal,  oil,  or  wood. 

COKE    BREEZE. 
I 

When  gas  is  made  by  the  destructive  distillation  of  soft  coal,  which 
is  the  older  method  employed  at  city  gas  works,  a  finely  divided  coke 
is  left  as  one  of  the  important  by-products.  As  the  volatile  gases  have 
been  driven  off,  the  coke  is  mainly  carbon,  which  is  naturally  higher  in 
ash  than  the  coal.  The  particles  of  coke  are  about  the  size  of  No.  2 
or  No.  3  Buckwheat  coal,  and  can  be  used  successfully  as  a  boiler 
fuel  with  proper  furnace  equipment.  Coke  breeze  can  compete  with 
the  fine  sizes  of  low-priced  anthracite  coal. 

Coke  breeze  is  best  burned  with  an  undergrate  draft  pressure  of 
considerable  intensity.  A  draft  pressure  of  1-inch  water  gage  was 
used  in  a  test  made  by  the  author.  This  draft  was  supplied  by  a 
steel-plate  fan  dehvering  into  the  closed  ash  pits  of  two  water-tube 
boUers.     Some  of  the  results  and  data  are  as  follows: 

Data  from  a  steaming  test  of  col:e  breeze.  ' 

Cost  of  coke  breeze  per  long  ton  delivered $2.  30 

Aah  content,  per  cent 21 

Evaporation  per  pound  of  coke  breeze  from  and  at  212°  F.,  pounds 6.  25 

Evaporation  per  pound  of  combustible  from  and  at  212°  F.,  pounds 7.  .53 

Cost  to  evaporate  1,000  pounds  of  water  into  steamfrom  and  at  212°  F 164 

CO2  content,  average,  of  flue  gases,  per  cent 10.  25 

The  principal  characteristics  developed  in  burning  this  fuel  were 
as  follows:  (1)  A  very  hot  fire  with  long  flame;  (2)  formation  of  a 
large  amount  of  very  hard  and  troublesome  clinker. 

It  was  found  by  experiment  that  making  the  coke  breeze  very  wet 
before  firing  gave  much  better  results,  as  the  moisture  softened  and 
reduced  the  clinker  materially.  Better  results  undoubtedly  could 
have  been  obtained  with  further  practice. 

CITY    REFUSE. 

City  refuse  belongs  to  the  class  of  fuels  that,  by  proper  apphcation 
of  the  principles  of  combustion,  have  been  promoted  from  semi- 
combustible  to  autocombustible  fuel.  Though  this  heterogeneous 
material  can  be  disposed  of  by  dumping  at  sea  or  on  waste  land — 
sometimes  in  an  inexpensive  manner — the  consensus  of  opinion  is 
strongly  in  favor  of  its  disposition  by  burning.  The  strength  of  this 
opinion  is  largely  due  to  comparatively  recent  improvements  made 


EFFICIENT  BURNING  OF  LOW-GRADE   OR  WASTE   FUELS. 


45 


in  the  design  and  efficiency  of  destructors  or  refuse  burners.  Further- 
more, when  combustion  is  complete,  burning  is  by  far  the  most  san- 
itary method  of  disposing  of  offensive  materials. 

It  is  a  notable  achievement  of  engineering  study  and  skill  that  has 
made  possible  not  only  the  smokeless  and  complete  combustion  of 
city  refuse  but  also  the  production  of  useful  heat  and  power  from 
this  former  waste. 

Some  of  the  collected  matter,  chiefly  the  house  garbage,  contains 
so  much  moisture  in  comparison  with  its  low  heating  value  that  to 
burn  it  alone  would  be  impossible,  but  by  mixing  this  with  all  the 
other  refuse,  the  calorific  value  of  the  mass  is  made  high  enough 
not  only  to  evaporate  its  containetl  moisture  !)ut  to  produce  efl'ective 
evaporation  in  a  boiler  as  well.  li^ven  w^hen  this  is  done,  however, 
it  is  necessary  to  depend  for  efficiency  on  correct  design  and  careful 
operation  of  the  furnace. 


Figure  18.— General  design  of  the  Heenan-Froude  refuse  destructor. 

To  gain  an  idea  of  the  composition  of  city  refuse,  a  quotation  is 
herewith  given  from  the  acceptance  tests  made  on  a  Heenan-Froude 
destructor  in  operation  on  Staten  Island,  N.  Y.,  at  West  Brighton. 
This  furnace  is  an  English  design  of  burner  and  the  tests  were  con- 
ducted for  the  city  on  May  6  and  May  13,  1908,  respectivel}^,  by  the 
company's  engineer,  Mr.  Fetherston. 

Data  from  tests  of  a  Heenan-Froude  refuse  destructor. 


Garbage  c per  cent 

Fine  ash do. . 

Coal  and  cinders do. . 

Clinker do.. 

Glass  and  metals do. . 

Rubbish do. . 

Duration  of  test hours 

Evaporation  per  pound  of  refuse  burned,  gross actual  pounds 

Not  u.soful  storim  for  power  purposes  from  and  at  212°  V pounds 

CO"  content  of  chinuu'V  gases,  average  per  cent 

Temperature  of  chinmey  gases,  °F 

o  September  mixtiu-e;  prepared  artificially. 

6  February  mixture;  prepared  artificially. 

'  Garbage  consists  of  animal  and  vegetable  matter. 


Test 
No.  2.6 
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The  capacity  of  the  burner  is  60  tons  a  day  and  it  was  the  first  of 
this  design  installed  in  the  United  States.  Some  of  the  features  of 
especial  note  are  the  very  large  combustion  chambers,  the  preheated 
air  supply  delivered  under  pressure  below  the  grates,  and  the  division 
of  the  space  below  the  grate  so  that  the  draft  can  be  shut  off  for  any 
one  section  during  clinkering. 

An  additional  feature  has  been  successfully  accomplished  by 
passing  the  air  supply  for  the  furnace  through  the  white-hot  clinker, 
which  performs  the  double  function  of  cooling  the  clinker  for  han- 
dling and  of  reclaiming  much  of  its  heat  for  the  improvement  of  the 
efficiency  of  the  furnace.  Mr.  Fetherston  has  done  valuable  work 
in  this  connection.  The  exliaustive  tests  made  by  him  for  the  city 
are  recorded  in  the  transactions  of  the  American  Society  of  Civil 
Engineers.'^ 

Col.  W.  F.  Morse  has  made  a  valuable  contribution  to  the  subject 
of  the  disposal  of  municipal  waste  through  his  book  on  the  "  Collec- 
tion and  disposal  of  municipal  waste,"  through  his  own  design  of 
destructors,  and  through  his  experience  in  the  handling  of  such 
problems.  Col.  Morse  acts  also  in  a  consulting  capacity  in  con- 
nection with  the  construction  in  this  country  of  the  Sterling  destruc- 
tor, an  English  furnace  used  largely  in  European  and  other  countries. 
Figure  19  gives  an  idea  of  the  design  of  this  burner.  One  feature  of 
especial  importance  for  this  fuel  used  by  various  destructor  com- 
panies is  the  drying  hearths  or  dead  plates.  In  charging,  the  wet 
fuel  is  placed  upon  these  hearths,  where  it  is  dried  enough  to  bum 
before  being  raked  onto  the  real  grate  surface. 

Evaporative  results  vary  with  the  composition  of  the  refuse,  bat 
the  evaporation  of  IJ  pounds  of  steam  from  and  at  212°  per  pound 
of  refuse  appears  to  be  the  usual  figure  for  guaranties  when  ''  average" 
refuse  is  supplied.  Considerably  higher  results  have  been  obtained 
in  the  official  tests  recorded.  An  English  Sterling  plant  officially 
reports  as  an  average  for  one  year  the  generation,  per  pound  of 
refuse  burned,  of  1 .4  pounds  of  steam  from  the  water  in  the  boiler. 

The  clinker  that  results  from  the  burning  of  city  refuse  is  crushed, 
combined  with  Portland  cement,  and  formed  into  concrete  blocks 
useful  for  building  purposes.  These  blocks  are  sold,  reducing  the 
cost  or  increasing  the  profit  of  the  operation  of  the  plant. 

In  further  relation  to  the  composition  of  city  refuse,  Mr.  George 
Watson,  in  a  paper  before  the  Institution  of  Mechanical  Engineers, 
states  that  "it  is  a  fairly  safe  generalization  to  say  that  in  England 
it  consists  of  one-third  by  weight  of  water,  one-third  combustible 
matter,  and  one- third  incombustible."  The  last  part  is  that  with- 
drawn in  the  form  of  clinker,  to  be  crushed  and  formed  into  blocks. 

fi  Fetherston,  John  T.,  Municipal  refuse  disposal,  an  investigation:  Ti-ans.  Am.  Soc.  Civil  Eng. 
June,  1908,  vol.  60,  p.  34.".. 
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Figure  19.— Plau  and  elevation  of  the  .Sterling  refuse  destructor. 
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In  the  early  days  of  refuse  destructors  they  were  operated  entu-ely 
on  natural  chimney  draft.  A  partial  vacuum  was  thus  always  pres- 
ent in  the  furnace.  As  the  clinkering  and  charging  operations  re- 
quired the  furnace  doors  to  remain  open  for  a  time,  great  volumes  of 
cold  air  would  enter  the  furnace  on  account  of  the  higher  pressure 
of  the  atmosphere  outside.  Mr.  William  Horsfall  corrected  this 
cause  of  inefficiency  by  introducing  forced  draft  under  the  grates. 
By  proper  regulation  the  pressure  in  the  furnace  thus  becomes 
equal  to  the  atmospheric  pressure  outside,  so  tKat  the  detrimental  rush 
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FiGUKE  20.— Plan  and  elevation  of  Harris  refuse  destructor. 

of  cold  air  while  the  doors  are  open  is  prevented,  and  the  efficiency 
of  combustion  is  largely  increased. 

Figure  20  shows  a  design  of  refuse  destructor  that  was  recently 
invented  in  the  United  States  by  Dr.  J.  H.  Harris  for  drying  out  the 
wet  bulky  material.  Water  grates  above  the  fire  are  provided, 
these  grates  being  formed  by  the  upper  tubes  of  a  boiler  constructed 
within  the  furnace.  It  is  claimed  that  carcasses  of  dead  animals  can 
thus  be  effectively  incinerated. 

Certain  essential  feature  common  to  the  most  successful  designs 
of  refuse  destructors  are  as  follows : 

1.  Large  combustion  spaces  or  chambers  are  provided  to  check 
the  velocity  of  the  gases  and  to  afford  time  for  their  diffusion  with 
the  air  for  combustion. 
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2.  The  fuel  is  surrounded  by  hot  fire-brick  surfaces,  the  walls  of 
which  are  capable  of  retaining  boat  enough  to  gasify  and  cause  the 
ignition  of  the  fresh  charge  of  fuel. 

3.  In  comparison  with  the  mass  of  burning' refuse  the  fresh  charges 
are  small,  in  order  to  prevent  serious  lowering  of  the  furnace  tempera- 
ture. The  charging  or  firing,  therefore,  is  done  necessarily  at  short 
intervals. 

4.  An  under-grate,  preheated,  forced  draft  of  high  intensity  is 
employed  to  obtain  balanced  furnace  conditions,  an  effective  pene- 
tration of  the  mass  of  fuel,  and  controlled  combustion. 

5.  Provision  by  drying  hearths  or  dead  plates,  or  by  other  means 
for  evaporating  the  moisture  from  the  refuse  before  the  latter  reaches 
the  grate  surface. 

6.  An  important  feature  in  the  operation  of  the  furnace  is  the 
mixing  of  the  different  classes  of  refuse.  This  mixing  produces  a 
constant  supply  of  fuel  of  the  average  calorific  power  for  the  furnace. 
Otherwise  it  would  be  easy  to  kill  the  fire  by  introducing  suddenly  a 
quantity  of  very  wet  or  very  bad  refuse. 

7.  Between  1  and  2  pounds  of  steam  are  generated  for  each  pound 
of  refuse  destroyed,  depending  on  the  composition  of  this  refuse  and 
the  efficiency  of  the  design  and  operation  of  the  destructor. 

8.  It  has  been  found  that  the  most  efficient  method,  as  a  general 
rule,  is  not  to  sort  the  refuse,  but  to  send  all  to  the  destructor.  The 
picking  of  refuse  is  unsanitary  for  the  workers  and  is  dangerous  on 
account  of  the  possibility  from  contagious  disease. 

SUMMARY. 

Still  other  substances  could  be  treated  as  waste  fuels,  but  a  dis- 
cussion of  them  would  merely  emphasize  the  variety  of  methods  used 
to  apply  the  same  principles  of  combustion. 

In  summing  up  this  broad  subject  of  waste  fuels  and  their  utilization 
tile  author  calls  attention  once  more  to  the  three  simple  requirements 
of  combustion  that  apply  to  all  fuels.     These  are — 

(1)  High  temperature; 

(2)  Proper  air  supply ; 

(3)  Complete  mixture  of  this  air  with  the  fuel  gases. 

These  recjuirements  of  combustion  are  common  to  all  fuels,  rich  or 
poor  in  heating  values,  good  or  bad  in  physical  or  chemical  composi- 
tion. The  solution  of  any  specific  problem,  the  burning  of  any  spe- 
cific fuel,  depends  upon  the  correct  application  of  these  common  re- 
quirements to  the  particular  material  in  question,  and  belongs  to  the 
field  of  furnace  design  and  operation.  That  much  advance  has  been 
accomplished  in  recent  years  in  this  field  is  demonstrated  by  the 
production  of  useful  power-generating  combustion  with  matter  that 
previously  had  been  considered  either  worthless  as  fuel  or  as  belonging 
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to  the  semicombustible  class,  which  required  the  burning  of  expensive 
fuel  for  its  ignition. 

It  should  be  remembered,  however,  that  such  fuels  contain  intrin- 
sically more  heat  units  than  are  actually  required  for  the  maintenance 
of  their  gasification  and  ignition.  If  they  did  not  it  would  be  as  im- 
possible to  burn  them  as  to  make  a  stream  run  uphill.  If  they  do  con- 
tain heat  over  and  above  the  requirements  for  gasification  and  igni- 
tion, then  the  efficiency  of  their  combustion  depends  entirely  on  the 
design  and  operation  of  the  furnace. 

Many  references  in  textbooks  and  in  reference  books  to  the  heat 
value  of  moist  and  fibrous  fuels  are  entirely  misleading  if  not  useless. 
In  the  first  place  heat  values  may  be  reported  in  a  variety  of  ways,  and 
the  absence  in  such  references  of  definite  specifications  as  to  which 
of  four  difi^erent  methods  is  used  render  them  useless.  Further — and 
equally  serious — error  may  arise  from  dependence  for  calorific  powers 
on  formulas  like  Dulong's,  which  assume  that  all  of  the  oxygen  in  a 
fuel  is  combined  before  combustion  with  the  hydrogen  in  that  fuel. 
The  eri'or  may  be  slight  in  fuels  containing  but  little  oxygen,  but  it 
becomes  serious  in  woody  and  many  other  waste  fuels  liigh  in  oxygen. 
Calculations  containing  this  common  error  are  unsafe  and  useless, 
both  for  comparison  of  combustion  performances  and  for  predict- 
ing results  in  any  problem  dealing  with  these  fuels. 

As  physical  human  beings  are  governed  by  laws  of  hygiene  common 
to  all,  so  all  waste  fuels  must  be  treated  under  laws  of  combustion 
common  to  fuels  of  every  description ;  and  likewise,  there  being  no 
one  medicine  or  treatment  that  will  give  perfect  health  to  all  persons, 
each  individual  requiring  specific  treatment  according  to  his  special 
condition,  so  also  each  particular  waste  fuel  constitutes  a  specific 
problem  of  its  own  and  requires  special  study  and  treatment  accord- 
ing to  its  own  peculiar  physical  and  chemical  characteristics. 

PUBLICATIONS  ON  THE  UTILIZATION  OF  LOW-GRADE  FUELS. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bm'eau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  upon 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 
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